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THE SERVICES OF BENJAMIN PEIRCE TO AMERICAN 
MATHEMATICS AND ASTRONOMY. 


FOR POPULAR ASTRONOMS 

It is related that when Dr. Bowditch was preparing the manu- 
script of his translation of Laplace’s Mécanique Céleste a lad 
by the name of Benjamin Peirce with a playmate happened to 
enter his library in Salem; while glancing over some of the pages 
which the illustrious translator had finished young Peirce ex- 
claimed, ‘‘here is a mistake.’’ The great mathematician ex- 
amined the passage in question and found that his young friend 
had indeed detected a genuine error. This circumstance is said to 
have aroused Bowditch’s interest in the brilliant young Peirce. 
It did not take Bowditch long to discover his extraordinary tal- 
ents, and a casual acquaintance soon grew into an intimate and 
professional friendship. Peirce became the disciple, and subse- 
quently the logical successor, of Bowditch, who predicted that 
his favorite student would some day be the foremost mathema- 
tician of his country. 

Benjamin Peirce was born at Salem, Massachusetts, April 4th, 
1809, the third of the four children of Benjamin Peirce and his 
wife, a sister of the Rev. Dr. Nichols of Portland, Maine. The 
elder Mr. Peirce graduated at Harvard in 1801, with the highest 
honors of his class. Fora time he was a merchant in Salem but 
in later vears inclined towards letters: from 1826 to 1831—the 
vear of his death—he was college librarian and wrote a history 
of Harvard University from 1639 to the time of the American 
Revolution. 

Benjamin Peirce Junior graduated from Harvard with the high- 
est honors in 1829, and his college days thus brought him into 
contact with such classmates as Geo. T. Bigelow, W. H. Chan- 
ning, B. R. Curtis, Oliver Wendell Holmes and James Freeman 
Clarke. 

While still an undergraduate Peirce pursued his studies under 
the direction of Nathaniel Bowditch, and when the immortal 
translation of the Mécanique Céleste came to the press this de- 
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voted student rendered important services in critically reading 
and correcting the proofs. Those who have had occasion to 
make a profound examination of the work can bear witness to 
the very small number of errors which escaped both Bowditch 
and Peirce. 

In- 1831, after young Peirce had taught two years at Round 
Hill, Northampton, he was appointed tutor in mathematics at 
Harvard University; his connection with the college continued 
for the unprecedented period of forty-nine vears. He became uni- 
versity prolessor of mathematics and natural philosophy in 1823 
and during the next thirteen years issued a series of valuable 
text-books on geometry, algebra, trigonometry, and *‘ curves, func- 
tions and forces,”’ which were filled with new methods and have 
made a lasting impression upon the educational work of this 
country. In 1842 Peirce was appointed Perkins professor of 
mathematics and astronomy and continued to hold this position 
for thirty-eight years. 

Professor Peirce’s life may be said to have been as a whole re- 
markably fortunate and happy. He was married in 1833, and 
at the time of his death, his wife, a daughter and three distin- 
guished sons survived him. His eldest son, James Mills Peirce, 
university professor of mathematics at Harvard, and dean of the 
graduate school, has long been celebrated as one of the most emi- 
nent mathematicians of the country; another son Dr. Chas. S. 
Peirce, who inherited his father’s talents to a remarkable degree, 
has been professor in Harvard and Johns Hopkins, and now re- 
sides in Milford, Pa.; the third son, H. H. D. Peirce is a business 
man connected with a large firm in New York City. 

Peirce’s long career was one of great activity. In his first 
years as professor of mathematics he was busily occupied with 
the composition of mathematical text-books based upon new and 
original methods. In 1842 he entered somewhat more particu- 
larly into physical problems, and published papers on the motion 
of a top, Espy’s theory of storms, and adopted the epicycles of 
Hipparchus to the analytical form now used by astronomers. 
The great comet of 1843, which was distinet!y visible at midday, 
and attracted great popular attention, gave Professor Peirce the 
opportunity, by a few striking lectures in Boston, to arouse a 
public interest in astronomy which led to the founding of the Ob- 
servatory at Cambridge. This was the first great and efficient 
Observatory to be established in the United States, and its value to 
American science may be judged from the fact that only a few years 
before Dr. Bowditch had declared that ‘‘ America has as yet no 
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Observatory worthy of mention.’’ The Observatory of Harvard 
College, equipped with a 15-inch refractor, (then the most powerful 
in the world) and other necessary apparatus, had also the good 
fortune to secure a Director of scientific training, and hence fo1 
many years Harvard College became the natural center of astro- 
nomical activity in the United States. Peirce’s work on the orbit 
of this great comet brought him into close relations with the la- 
mented Sears C. Walker, and prepared the way for their still more 
important researches on the orbit of Neptune. For several vears 


after the discovery of this planet by Galle, the English and French 


were occupied with fierce contentions relative to the honors due 
to Adams and Leverrier and the discussion of the orbit was left 
almost entirely to Professor Peirce and Sears C. Walker. The 
latter boldly undertook the investigation of the orbit, and soon 


succeeded in tracing the planet’s approximate path along the zo 
diac during the 18th century. He thus found that it had been 
previously observed by La Lande and Lemonnier as a fixed star 
With the positions of Neptune thus secured at distant epochs, the 
orbit could be found with considerable precision, while without 
these data, accidentally recorded by the French, and brought to 
light by the genius of Walker, astronomers must have waited for 
half a century before getting even an approximate orbit of 
the planet. These important researches inspire the _ belief 
that American astronomy has seldom sustained a more serious 
loss than in the early death of Walker, whose career was cut 
short not unlike that of Tobias Mayer. The memory of this re- 
markable astronomer ought to be held in respect by all who de- 
sire to do justice to elevated character and to meritorious scien- 
tific work. 

Peirce took up a theoretical examination of the processes by 
which Adams and Leverrier had predicted the place of the un- 
known body, and was led to the conclusion that while the pro- 
cesses involved had been exact, wonderfully laborious, and 
deserving of all honor, yet the result was not decisive, as two 
possible planets would have satistied the conditions of the pre- 
blem. The two bodies were, first, the theoretical planet predicted 
by Adams and Leverrier, having a larger mass at a greater 
distance (assumed to conform to Bode’s law); and second, the 
actual Neptune discovered by Galle with an inferrior mass and 
revolving at a smaller distance. It is easy to see that the purtur- 
bations arising from two such bodies would be almost exactly 
the same during the interval since the discovery of Uranus, but 
this result could not hold true indefinitely. The two bodies were 
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in the same direction from the Sun only in 1846, and if Neptune 
had not been discovered at that epoch the calculations must have 
required sensible modifications in the course of a few years. This 
result is very obvious to one who is familiar with the theory of 
perturbations, but Peirce subjected the question to computation 
in order to leave no doubt of its entire rigor. When Peirce’s re- 
sulis were announced to the American Academy they gave rise to 
much discussion and were even vigorously contested by several 
eminent mathematicians of Europe; but astronomers have since 
recognized the justice of his criticisms which were not meant to 
detract from, but rather tosupplement the, glorious achievements 
of Adams and Leverrier. The reasoning of these two eminent 
astronomers had assigned a sufficient, but not the only possible 
explanation, of the purturbations of Uranus. Yet when Peirce 
reached this conclusion and showed that the discovery in 1846 
was a ‘‘happy accident’’—since the two bodies would be in the 
same longitude only at that time—President Edward Everett, of 
Harvard college, *‘ hoped the announcement would not be made 
public; nothing could be more improbable than such a coinci- 
dence.”” “ Yes,” replied Peirce, ‘‘ but it would be still more won- 
derful if there were an error in my calculations.” 

In 1849 Professor Peirce was made consulting geometer to the 
American Ephemeris and Nautical Almanac, which had just been 
established at Cambridge. The important services which he ren- 
dered to this publication during the next thirty years enabled it 
to take rank with the highest authorities in the world. 
Peirce’s attention at this epoch was devoted almost exclusively 
to the science of astronomy. In 1852 he published, for the use 
of the American Ephemeris, lunar tables which came into general 
use among astronomers and for many years continued to give 
good positions of the Moon. From 1852 to 1855 he was occupied 
with an elaborate investigation of the constitution of Saturn’s 
rings. Professor G. P. Bond had seen the rings apparently divide 
themselves and. reunite, and had been led to the conclusion that 
they could not be solid, as Laplace had assumed in his theory of 
their constitution. Peirce investigated the question anew, and 
showed that an unsymmetrical solid ring, such as Laplace had 
postulated, could not be kept in stable equilibrium by the action 
of the planet and satellites; and that while fluid rings could not 
be sustained by the action of the planet alone, sufficiently large 
and numerous satellites might contribute the necessary condi- 
tions of stability. He therefore concluded that 


the rings of 
Saturn are thin masses of fluid kept in equilibrium by the action 
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of the planet and its eight satellites. We ought to add that 
while mathematicians now hold this conclusion to be dynami- 
cally unsound, it was at the time a very important step in ad- 
vance of Laplace and doubtless stimulated the investigation of 
Clerk Maxwell in 1859, which revived the old theory of Cassini 
and showed that the rings must necessarily be of a meteoric 
character, made up of single discrete particles, each revolving as 
an independent satellite. Peirce’s treatment of the occultations 
of the Pleiades is equally original and suggestive, and brings to 
light a method which enables us to deduce from such obseryva- 


tions the figures of both Earth and Moon; in this respect his 


theory of the occultations of the Pleiades is closely analagous 
to the method developed by Laplace for deriving the figure of the 
Earth from the lunar perturbations depending upon the oblate 
ness of the terrestrial spheroid Peirce’s influence as a man of 


science rapidly extended throughout the Republic, and in 1855 he 
was made one of the Scientific Council entrusted with the organ 
ization of the Dudley Observatory. Dr. Benjamin Apthorp Gould 
who had qualified himself under the most eminent astronomers 
in Europe, and had been a favorite student of Gauss, at GOttin 
gen, was called to the directorship and at once placed the Ob- 
servatory in the very front ranks of scientific institutions. His 
establishment of the Astronomical Journal and the great emi- 
nence to which his name and reputation raised the Observatory, 
aroused the jealousy of certain trustees, a result which so often 
happens in a community dominated by ignoble and smal!-minded 
men! In the subsequent controversy the Director maintained the 
unshaken support of the most illustrious scientific men of the 


country—Benjamin Peirce, Joseph Henry and A. D. Bache, who 


published a defense of his administration. Without commenting 
on the meritorious but unsuccessful effort of the Scientiae Coun 
cil—Peirce, Henry and Bache—to conserve the real interests of 
science, it ery vet be permissible oO rel bart t the 1 me Ol 
anv one of these trustees shall escape t ist fate f oblivion it 
will only be thre veoh that old injustice ( ” vhost ncom 
parable scientific work must necessarily t luminous throug! 
coming centuries. 

Peirce was president of the American Association for 1 Ad 
vancement of Science at the Clevel dt ng in 1853 ln 1847 
he received the degree of LL. D. from the University of North Caro 
lina and in 1867 from Harvard Colles: He was a member of 
the American Academy of Arts and Sciences, and of the America 


Philosophical Society, and was elected an associate of the Royal 
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Astronomical Society in 1847. In 1852he was made an honorary 
fellow of the Royal Society of London. When the National Acad- 
emy of Sciences was established in 1863, Peirce was one of the 
original members appointed by congress to organize the first 
scientific body of the United States, in which he exerted a strong 
and lasting influence for maintaining the highest standard of 
scientific excellence. 

The attention of Peirce was for many years much devoted to 
Geodesy. He assisted greatly in the work of the coast survey 
while under the direction of Bache and in 1867 was himself ap- 
pointed superintendent. Peirce held the office for seven years ; 
his administration was distinguished by the introduction of im- 
proved scientific methods, by a wise selection of men for the 
working staff, and by remarkable practical executive ability. It 
has been said of him that he showed the applicability of the 
theory of the Stoics in our own time—the really great man shows 
himself great by any and every standard. 

He detected important errors in former determinations of the 
force of gravity, due to defective supports of the pendulums em- 
ployed, inspired the highest confidence in the work of the Survey, 
and exercised a powerful influence in impressing upon congress 
the dignity and importance of the work which had been under- 
taken by the government of the United States. He realized that 
our position among the nations of the earth required that a 
scientific work of national importance should be adequately sup- 
ported by congress; and on the other hand when funds had been 
appropriated for the Survey he exercised a careful supervision to 
insure legitimate and proper expenditures. 

Peirce presented many striking papers to various societies, 
academies and institutions, but unfortunately most of these have 
Seen published only in abstract. 


We may mention among these 
an investi 


gation of the forms of stable equilibrium for a fluid 
mass enclosed in an extensible sack floating in another fluid, a 
problem of interest in connection with embryolog 


ev. He treated 
also the discontinuous motion of a billiard ball, the motion of a 
sling 


g, and showed in the vegetable world the demonstrable 
presence of an intellectual plan; that what is known as Phyllo- 
taxis involved an algebraic idea since shown to be the solution of 
a physical problem and likely to prove of great importance to the 
future of botany and zoélogy. 

In 1857 Peirce published his *‘ Svstem of Analytical Mechanies”’ 
including ‘‘the latest researches of the great geometers in their 
most exalted forms of thought,’ a work which took high rank 
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on both sides of the Atlantic. It was announced at the same 
time that the work was to be continued and that the subsequent 
volumes would be entitled respectively, ‘‘ Celestial Mechaniecs,”’ 
‘* Potential Physics’ and * Analytic Morphology ;”’ but unfortun- 
ately the plan was never carried out. 

As one of the original members of the National Academy of 
Sciences Peirce from time to time communicated to that illus- 
trious body various papers on pure mathematics and theoretical 
physics, especially on the heat of the Sun In 1870 certain 
friends in the Coast Survey caused 100 copies of his communica- 
tions to the National Academy on ** Linear Associative Algebra” 
to be lithographed and brought out in a form convenient for the 
use of mathematicians. These researches are regarded as his 
most original and precious contributions and are justly famed in 
all the countries of the world. For the sake of brevity suffice it 
to say that the investigation deals with nearly a hundred possi- 
ble forms of Algebra of which only three are in use, (1) Ordinary 
Algebra, (2) the Calculus of Newton and Leibnitz and (3) the 
Quaternions of Hamilton. He outlines the great features of these 
many new species of Algebra with scarcely a comment and only 
patient study enables the reader to comprehend the great depth 
of his author. 

Succinctness of statement and brevity of exposition have al- 
ways been a conspicuous trait of his genius, and this characteris- 
tic led not a few to complain of obscurity in his writings; the 
same complaint was made regarding his teaching, but such an 
obstacle to the student is inconsiderable in the presence of so 
amiable, so enthusiastic and so magnetic a teacher. Peirce, like 
many other great men, constantly over-rated the ability of his 
students; he assumed that they could follow wherever he led. 
But in spite of this difficulty so great was the devotion of his 
students in their admiration for his enthusiastic, generous and 
exalted character, that he was always the center of a great in- 
fluence. The steadfast admiration felt towards him by his 
intimate friends and students was due to his moral as well as his 
intellectual character. Making the concession that he occasion- 
ally exhibited a touch of intolerance towards pretentious medi- 
ocrity, they would allow nothing in him to be aught else than of 
the highest quality. His great nobility of character frequently 
gave his students credit fer what was in reality his own. He 
robbed himself of fame in two ways: by giving the credit of his 
discoveries to those who had merely suggested the line of 
thought, and by neglecting to write out and publish his own 
developments. 
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Peirce’s students include the most eminent astronomers and 
mathematicians of our day, and his noble and generous influence 
on the development of American science can hardly be overesti- 
mated. Among those who came under his influence and guidance 
we may name: Dr. B. A. Gould, Profesor J. Winlock, Dr. S. C. 
Chandler, Professor S. Newcomb, Dr. G. W. Hill, Professor W 
Ferrell, Professor G. W. Hough and Protessor Van Vleck. 

It will be seen from this array of illustrious names that Harv- 
ard was at one time the center of astronomical inspiration, and 
exercised a vast influence in the higher development of American 
Astronomy. 

Well might Peirce’s death be deeply lamented both in Europe 
and America and above all at Harvard College! Lord Kelvin 
in an address to the British Association referred to Peirce as the 
“ Founder of higher mathematics in America,’ and Cayley styled 
him the ‘‘ Father of American geometry.”’ 

His death was equally lamented by the public and given con- 
spicuous notice by the leading journals of the country. The Bos- 
ton Daily Advertiser of Oct. 7th, 1880, said editorially: ‘* The 
death of Professor Benjamin Peirce is a great and a national loss; 
for he was the Nestor of American mathematicians, and the his- 
toric transition from the illustrious Nathaniel Bowditch to the 
present generation of mathematical minds.’’ Similar press no- 
tices appeared in many other papers, and appropriate resolutions 
were adopted by the faculty of Harvard and by the president and 
fellows, lamenting the great and irreparable loss which had _ be- 
fallen the College. 

It seems of interest to recall the circumstances of the last illness 
of the illustrious mathematician. Peirce had throughout life 
maintained a lively interest in every form of intellectual activity, 
and during the winter of 1879-80 was still active in many direc- 
tions. His great powers seemed to be still employed in the study 
of cosmical physics, and he had announced a new course in that 
subject tor the following year. With the assistance of a favorite 
student he resumed with unusual enthusiasm the study of the 
great comet of 1843, and undertook a complete inquiry into all 
its successive appearances from the beginning of astronomical 
records, incited thereto by hearing of the remarkable observa- 
tion, strongly recalling that comet, made in South America by his 
life long friend Dr. Benjamin Apthorp Gould. But it is probable 
that his renewed activity was but the outward sign of a presenti- 
ment of the approaching end. His serious illness began on June 
25th, 1880, and from this time his condition grew gradually 
worse. He passed away on Wednesday morning, Oct. 6th, 1880 
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Distinguished throughout life by a stoicial view of death, which 
did not permit him to mourn when it came to others or to dread 
for himself, he maintained the same temper to the end. 

The funeral took place at Appleton chapel, on Oct. 9th, and 
was the occasion of an impressive gathering of scholars who de- 
sired to pay a last tribute to this great and good man, justly 
ranked among the most illustrious of the Earth. The atcendance 


included a full representation of the faculties and governing 


boards of the University; a large deputation of officers of the 
United States Coast and Geodetic Survey, headed by the Superin 
tendent and Chief Assistant; delegations of eminent professors 
from Yale College and Johns Hopkins University; members of the 
class of 1829, and numerous other friends of the deceased. 

The pall-bearers were: President Chas. W. Elliott; ex-presi- 
dent Thomas Hill, of Portland; Captain C. P. Patterson, super- 
intendent of the U.S. Coast and Geodetic Survey; Professor J. J. 
Sylvester, of the Johns Hopkins University; Hon. J. Ingersoll 
Bowditch; Professor Simon Newcomb, superintendent of the 
American Ephemeris and Nautical Almanac; Dr. Oliver Wendell 
Holmes; Professor J. Lovering, and Dr. Morrill Wyman. 

It was certainly fitting that one who had played so great and 
so noble a part in the advancement of American science should 
receive an appropriate homage from his grateful countrymen. 

As Fourier exclaims in his eulogy on Laplace, “it is undoubt- 
edly beautiful, it is glorious, it is worthy of a powerful nation, to 
ordain brilliant honors in memory of its celebrated men.”’ Ben- 
jamin Peirce was a mathematician and astronomer of the high- 
est type, worthy to be ranked with the greatest intellects of any 
age or country. We need not hesitate to compare his achieve- 
ments with those of the greatest successors of the immortal 
Newton. It was not given to him to create entirely new sciences 


as did the early pioneers of modern thought; but the great scope 


of his work and above all the extraordinary originality displayed 


in his ‘‘ Linear Associative Algebra’’ will transmit his name to 
the most remote ages. While on the other nd his noble work 
in the education and inspiration of astronomers and mathema 
ticians and in behalf of the dignity of American science as a 
is ee ee, A a oe a ese -ountrymen whil 
whole, will endear his memory to his grat 1) countrymen while 
the stars shall go through their wonted courses in the heavens. 


\s England has done honor to her Newton and Herschel, 
France to her Laplace and Lagrange, Germany to her Bessel and 
Gauss, so let America also be grateful for the priceless heritage 
she has received from her Bowditch and Peirce! 

THE UNIVERSITY OF CHICAGO, Sept. 18, 1895. 
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PHOTOGRAPHING THE MILKY WAY. 
H. C. WILSON 


FOR POPULAR ASTRONOMY 

The great irregular belt of light, stretching across the sky, 
which we call the galaxy or Milky Way, has always been an ob- 
ject of interest, of admiration and wonder, I suppose, to those 
whose thoughts at all turn to things above us. To the astrono- 
mer the structure of the galaxy is a problem of the deepest inter- 
est. Since the invention of the telescope it has been known that 
the light of the Milky Way, the greater part of it at least, comes 
from countless numbers of stars, individually invisible to the eve, 
but collectively giving a bright glow to the parts of the sky 
where they are crowded most thickly together. 

The Milky Way is not a belt of uniform brightness, but there 
are irregular dark areas running all through it, breaking it up 
into bright patches or clouds, of various shapes and sizes. A 
number of attempts have been made to represent these irregulari- 
ties of the galaxy upon the star maps, but generally with ill 
success. It is very difficult for a draftsman to represent the deli- 
cate shadings which are necessary. 

In order to catch the fainter details the eve must be keenly 
sensitive, must have been in total darkness for some time. The 
drawing requires light, the presence of which destroys to a con- 
siderable degree the sensitiveness of the eve. It must therefore 
be done largely from memory. Either the work must be unre- 
liable or an immense amount of time must be consumed in verify- 
ing every part of the details, by repeated comparison of the 
drawing with the sky, under the most favorable conditions. 
Even then personal bias is liable to affect the result. Details 
once seen are likely to be seen the same the next time by the same 
person, whether correct or not. 

The most perfect pieces of work of this kind have been com- 
pleted recently by Dr. Otto Boeddicker at Birr Castle, Parson- 
town, Ireland, and M. Eaton at Paris. Each of these gentlemen 
spent several vears in the production of a map which should 
represent all that can be seen of the galaxy with the naked eve, 
and their results are far ahead of anything that has gone before. 
They are wonderful for the amount of detail which they show, 
but they do not agree with each other. The one shows much 
more detail than is ordinarily seen with the naked eve, the other 
less than is seen under the best conditions. 
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When it was found that photography could be applied to the 
mapping of the stars, it was expected that this would at once 
give us an accurate means of determining the form of the Milky 
Way. The first attempts, however, were diappointing. The 
telescopes employed were of too long focus, giving pictures on 
too large a scale and taking in too small areas of sky. The ex- 
posures were as a rule too short and the very faint stars, which 
contribute largely to the glow of the Milky Way, tailed to regis- 
ter themselves. The dark channels appeared almost as full of 
stars as did the bright areas. 

In 1889 Professor E. E. Barnard, at Lick Observatory, began 
taking photographs of the Milky Way with an old portrait lens, 
which for many years had done service in a San Francisco photo- 
graph gallery. This lens, which was made in 1859, by Willard, 
of New York, is of 6 inches aperture and 31-inches focus. Though 
small and insignificant, compared with the regular photographie 
telescopes, it was found to be especially adapted to photograph- 
ing the Milky Way, because from its short focus it took in a 
large area of sky, crowding the stars into a smaller space upon 
the photographic plate, and giving to the whole more nearly the 
naked eve appearance. Mr. Barnard too was a skilliul photog 
rapher, having been brought up to that trade, and in his hands 
the chemicals were made to do their full part in developing the 
image upon the sensitive plate Since that time, with the same 
lens reground by Brashear, he has obtained many magnificent 
pictures of the cloud forms of the galaxy. Dr. Max Wolf, in 
Germany, and Dr. Russell, in Sydney, Australia, have also done 
excellent work in the same line 

The writer began experimenting in celestial photography in 


1888, but made no long exposure until 1892, when a number of 
good photographs of the Orion nebula and constellation were 
obtained with the 8-inch Clark refractor and a Darlot lantern 
lens of 24% inches aperture and about &-inches focus. The Clark 
refractor 1s provided with a correcting lens adapting it to the 
photographic rays, and gives very sharp images of the stars when 
the seeing is fair. The Darlot lens or combination of lenses, for 
there are four of them, is not especially corrected for rays coming 
from the distance of the stars. The images are sharp over the 
central portion of the field but towards the edges they are badly 
distorted, as may be seen in the left hand picture in Plate IV 
This lens is, however, quite well adapted to photographing the 
cloud forms of the Milky Way. The scale of picture is small and 
the field large, taking in about 20° in diameter, over which the 
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definition is fairly good. The lens was mounted in a small 
wooden box and strapped with iron bands to the tube of the 8- 
inch telescope. In order to guide these two cameras, for the 
8-inch telescope is really a large camera, a 4-inch telescope was 
strapped in the same way to the latter. The 4-inch was provided 
with an eve-piece having two rather coarse crosshairs, which 
might be illuminated or not at will, so that the observer could 
readily adjust the telescopes and keep the light of each star con- 
tinually falling on the same portion of the sensitive plate. In 
this way exposures of from two to four hours were made. 

The attempts with this improvised apparatus were so success- 
ful that we were encouraged to have the mounting of the 8-inch 
remodeled and a permanent guiding telescope, of 5 inches aper- 
ture and of the same focal length with the 8-inch, rigidly attached 
to the latter. A new camera was purchased with lenses of 6 
inches aperture and focus 31 inches from the back lens to the 
plate, designed especially for stellar work hy Professor C. S. 
Hastings and constructed by Mr. J. A. Brashear. This camera is 
rigidly attached to the 8-inch telescope, and the performance of 
the combination is admirable. The exposure may now be pro- 
longed indefinitely, extending over,as many nights as the ob- 
server pleases, the only limitations being the weather and the ob- 
server's lack of confidence in the sensitive plates used. 

The new camera takes in, upon an 8 X10 plate, a field of 
twelve degrees diameter, with good definition over the whole 
field. The star images are perfectly round over the whole plate, 
the only distortion being an enlargement of the photographic 
discs toward the edges. 

On securing the new camera we did not discard the old one but 
left it attached to the telescope, so that now three pictures are 
obtained at the same time, the same object being shown at the 
center of each but on a very different scale. We present in this 
number of PopULAR ASTRONOMY three such photographs, taken 
with two exposures of four hours each, on the nights of June 26 
and 27, 1895. In the center of each is the well known cluster in 
the constellation Scutum Sobieskii, a beautiful object as seen 
with good telescope. 

The right hand picture in Plate LV is from the photograph 
taken with the 8-inch telescope and shows the cluster much as it 
appears in an ordinary telescope under low power. In_ the 
original negative the stars are small and round and will bear 
magnifying, but in the engraving the meshes of the screen con- 
fuses them and many are wholly obliterated. None of the stars 
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PLATE V. 


THE MILKY WAY IN THE CONSTELLATION SCUTUM SOBIESKII. 
Photographed with the 6-inch Brashear camera at Goodsell Observatory, Northfield, Minn., t . C. Wilson. 


Exposure 8 hours. 
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on this plate are visible to the naked eve, and but few 


f them 
can be seen with a good opera-glass 


The diameter of the field 
shown is about two degrees, or four times the Moon’s diameter. 
The dark and bright patches shown in the same area about the 
cluster in the other pictures are not evident here because thestars 
are so scattered. 

The left hand picture in Plate IV is from the negative exposed 
in the 21%4-inch camera. The cluster will be recognized as a white 
spot in the center. The field is so large that it takes in the whole 
of the constellation Scutum, and parts of Aquila on the north- 
east, Sagittarius on the south and Serpens on the west. Not 
many bright stars are in this region and it is hard to pick them 
out from such a multitude of fainter ones. The conspicuousstar, 
about three-fourths of an inch toward the east and a little north 
of the cluster, is A Aquila. North and a little west of this are fh 
and g Aquila. The bright star near the right edge of the cut, a 
little below the middle, is 7) Serpentis. Those who have the num- 
bers of PopuLAR ASTRONOMY for 1894 will find these stars on the 
map in the September number. It is possible to pick out quite a 
number more of the naked eve stars which are on the maps, but 
The 1m- 
portant point to be noticed is the variegated configuration of the 
bright and dark parts of the Milky Way. The whole constella- 
tion of Scutum becomes one superb star cluster, surrounded and 


these are enough to show the scale of the photograph. 


pierced through in many places by a network of dark lanes or 
channels. The brightness of the background in this picture is not 
due to nebulous matter, but to the illumination of our atmos- 
phere by diffused starlight. The lens of short focus condenses 
this light so that, with such long exposure, it is able to produce a 
perceptible effect upon the sensitive plate 


il 


Plate V is from the negative exposed in the 6-inch camera. 
It takes in only the one great cloud of stars in Scutum. The 
contrasts in this picture are stronger so that the sky-light back- 
ground is obliterated although it is quite noticeable in the 
rk so far as the hight of 
stars is concerned. Even those little ones, which 


original. The dark spaces are really d: 


appear close to 
the central cluster, are not accidents of printing, but are actual 
blank spaces in the midst of a region which seems to be literally 
packed with stars. Are these really openings where we look 


through between the swarms o. stars into dark regions beyond, 


or are there intervening dark masses, black nebulae that cut off 
the light of stars that are uniformly distributed? This is a 
question which astronomers are discussing, and some are in- 


clined to belief in the existence of such dark masses of matter. 
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I said a little while ago that the white background of the pic- 
ture taken with the 21-inch camera was not due to nebulous 
light. From this it must not be thought that none of the Milky 
Way is nebulous. In many of the photographs we have found 
distinct evidence of great masses of very faint nebula in the 
galaxy, so faint it can never be seen with a telescope because of 
its diffuseness and cannot be distinguished with the naked eye 
because of the sky-light. Indeed, it is only on the most trans- 
parent nights that we can prevent the sky-light from obliterating 
this nebulosity on the photographic plate. 

From what has been said and the comparison of these three 
plates presented, it may he judged correctly that, even from such 
an impersonal agent as the photographic plate, we cannot expect 
uniformity nor absolute accuracy of results in depicting the 
structures of the heavens. Personality cannot be divorced from 
the making of the apparatus, the preparation of the sensitive 
plate,its exposure and development. Yet, notwithstanding these 
impossibilities, I think we may safely say that this process is far 
ahead of the eve and hand method, and that ina few years we 
may have reasonably perfect representations of that wondrous 
zone of light that nightly challenges our admiration and wonder. 

Let no one think that it is easy work. I know of no astro- 
nomical work that is more tedious than sitting almost motion- 
less at the eye-piece of a telescope hour after hour, trying to pre- 
vent the escape of a little point of light from the intersection of 
two cross-threads of spider-web. Then, when, after many hours 
of watching and waiting, the observer on developing his plate 
finds that something has slipped,so that the stars are all double, 
or that the plate has a great flaw in the middle, it is a matter of 
great discouragement. On the other hand, when all goes right 
and the observer finds that he has a picture of the highest excel- 
lence, of real scientific value, the satisfaction pays for all the 
trouble. 


THE FIXED STARS.—VI. 
W. H. S. MONCK, DUBLIN, IRELAND 


FoR POPULAR ASTRONOMY 


According to the principles of the wave theory of light, which 
I think may be regarded as proved, waves or undulations in the 
ether are propagated through space with a velocity of about 
186,000 miles per second. The velocity of the Earth or of any 
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known star is very small compared with this; still it is large 
enough to produce the well-known phenomenon called the Aber- 
ration of light, which I need not here describe. The color of light 
depends on the number of undulations which fall on the eve ina 
second. If a star is approaching us the number of undulations 
which fall on the eve ina given time will be increased and if re- 
ceding from us the number will be diminished. Increasing the 
number of undulations will render visible a little strip of the 
spectrum just beyond the red end and render invisible a little 
strip of the violet light at the other extremity. If the star is re- 
ceding from us this state of things will be reversed. But of course 
no quickening or slowing of the undulations will affect a ray 
that is missing owing to its absorption by the star’s atmosphere 
Hence the fixed lines will remain where they were. But the addi- 
tion of a little strip at the red end and the cutting off of a little 
strip at the violet end will make the fixed lines appear to be 
nearer to the violet end and more distant fron: the red end than 
before. Consequently if a star is approaching us the fixed lines 
will appear to have shifted towards the blue end of the spectrum, 
while if it is receding from us they will appear to have shifted 
towards the red. And it has been found practicable by measur- 
ing the amount of the displacement to compute the velocity with 
which the star is approaching or receding. This, however, is a 
very difficult task. The stellar spectra are usually very faint and 
very unsteady and the quantities to be measured are so small 
that a trifling error in the measurement may actually reverse the 
real motion of the star. Moreover the lines in the spectra of 
some stars are thicker than in others and in trying to measure 
the middle point of a thick line many causes of error may arise. 
Some time ago, however, Vogel found that measurements could 
be made much more accurately on a photograph of the spectrum 
thanon the spectrum itself. His results exhibited a natural agree- 
ment which seemed to indicate that they were not very far from 
the truth: and his table of the velocities of approach or retrogres- 
sion in the case of about fifty stars is undoubtedly the most reli- 
able that we at present pessess. They do not exhibit the very high 
velocities which some other observers deduced from spectroscopic 
observations. The average is little over ten miles per second, 
the fastest (Aldebaran) moving in this direction at about three 
times that rate. This of course gives us the velocity in only one of 
three directions mutually at right angles to each other. Motions 
in the other two directions are given by the proper motion as al- 
ready described. The one velocity, however,is given in miles per 
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second of time—the other two in seconds or fractions of a second 


per annum on the celestial sphere. It is not unnatural to assume 
that on taking the average of a large number of stars the mo- 
tions in these three directions will be about equal, and we can 
thus make a rough estimate of the average distances of a number 
of stars whose proper motions are known. Taking the average 
annual motion in declination of a star of the second magnitude 
for instance, we may assume that it represents a motion of ten 
miles per second and compute the average distance of these stars 
accordingly. One important consequence seems to follow from 
the researches of Vogel, though it would no doubt be desirable to 
try more than fifty stars before arriving at any positive conclu- 
sion, viz: that there is no material Gifference in the actual veloc- 
ity with which Sirian and solar stars are moving through 
space. Hence the greater proper motions of the solar stars 
means that they are nearer to us than the Sirians of the same 
magnitude. Of course the velocities of the stars in the line of 
sight as well as their proper motions measured on the celestial 
sphere are affected by the motions of the solar system through 
space; and no direction can be assigned to the Sun’s motion which 
would account for them all. Attempts to determine the apex of 
the Sun’s way—or as it is more briefly termed the Sun’s goal—by 
means of these spectroscopic velocities have been made, but the 
results are not altogether satisfactory. Judging from the veloci- 
ties of the stars in Vogel’s list we are moving towards a point in 
the northern hemisphere whose declination does not differ much 
from that obtained by other methods but whose right ascension 
seems to be considerably less. Owing to the comparatively small 
number of stars whose velocities in the line of sight have hitherto 
been ascertained, however, the position derived trom the proper 
motions of the stars is probably more nearly correct. Another 
question which will no doubt be solved ere very long by observ- 
ing the velocities of the stars in the line of sight is whether the 
fainter or more distant stars are really moving with greater ve- 
locity (on the average) than the brighter and nearer ones? The 
proper motions of the stars do not diminish with the intensity of 
their light (7. e. with their magnitudes) as rapidly as theory 
would lead us to expect. This seems to indicate either greater 
absolute velocity in the case of the more distant stars or else an 
absorption of light in the intervening space. But if no greater 
absolute velocity is detected by the spectroscope we may abandon 
the former of these hypotheses. Hitherto, however, it is only in 
the case of the brighter stars that reliable velocities have been 
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ascertained and the comparison in question cannot therefore be 
made. 


It should not be forgotten that dark lines belonging to different 
elements sometimes lie very near each other and a mistake as to 
which line is observed might lead to a serious error as regards 
velocity. Lines too seem to be affected by other causes. One of 
these is probably the pressure or density of the gas. Again the 
rotation of the star may have a similar effect. In the surface 
which a rotating star presents to us, part is probably moving 
towards us and partaway fromus in consequence of the rotation 
and the line will thus appear broader than it really is since the 
incident light is really travelling with different velocities. A good 
deal of the controversy as to the Meteoritic Hypothesis turns on 
the exact position of certain lines in the stellar spectra; and we 
are hardly in a position to say that every shifting of a line in the 
spectrum is due to velocity in the line of sight. The results de- 
rived from the New Star in Andromeda are rather startling if due 
to changes of velocity only. Considerations of this kind tend to 
diminish our confidence in any derivation of the direction and 
velocity of the motion of the solar system from spectroscopic ve- 
locities at present. There is no doubt, however, that the spectro- 
scopic method will ultimately prove the best for the ascertain- 
ment of its velocity. We cannot (in the absence of a large 
number of reliable determinations of parallax) infer the velocity 
of the Sun’s motion from the proper motions of the stars with- 
out making assumptions as to the distances (or at least the 
average distances) of these stars which can hardly be regarded 
as more than mere conjectures. Indeed they have hitherto pro- 
ceeded on the assumption that the average distances vary with 
the magnitudes of the stars, overlooking the great distinction 
between Sirian and solar stars as well as theirsub-classes: or else 
on the assumption of a relation between distance and proper mo- 
tion which is far from being fully established. And even if it were 


legitimate to assume that stars with a proper motion of 0”.2 per 


¢ 
~ }s 


annum are on the average only half 
proper motion of O 


as distant as stars with a 
1, whe 1s to tell us what 


\\ 


a, 1* 
the aver ige d1S- 
tance of either of these classes of stars 


Lt IS 


?—without which we 
cannot reduce their velocities to miles per second. It 1s indeed 


this measurement of spectroscopic velocities in the line of sight 
that affords the principal clue for comparing terrestrial distances 
with distances in the stellar regions. The velocities appear as a 
rule to be commensurable with those which we observe 


within 
the limits of the solar system. 
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But the spectroscope has revealed many other facts in Stellar 
Astronomy, one of the most remarkable being the discovery of 
double stars which are too close together to be separated by any 
existing telescope or any telescope that we are likely to possess 
hereafter. The discovery turns on the following principle. In 
the case of a binary star both stars revolve round their common 
centre cf gravity. The Sun is so large compared with the plan- 
ets that its motion in accordance with this law is almost imper- 
ceptible, but with some of the fixed stars the pair seem to be 
almost equal in magnitude and in all cases the smaller star seems 
to be larger compared with its companion than Jupiter when 
compared with the Sun. Otherwise indeed its existence would 
rarely if ever be detected. Now suppose that the plane of the or- 
bit of such a binary pair passes nearly through the Earth, it is 
evident that each of the pair in describing its orbit will at one 
time be approaching us and at another time receding—one star 
being farthest off when the other is nearest to us and vice versa. 
Two cases may here occur. Bothstars may have spectra capable 
of affecting our spectroscopes but which owing to the closeness 
of the stars are usually superposed on each other: or the spec- 
trum of one star only may be visible, that of the other being too 
faint for the spectroscope which we are using. 

The discovery was first made with a pair of the latter kind. 
The star Algol (4 Persei) had long been known as a variable star 
and it was noticed that the variations of its light strongly re- 
sembled the phenomena of an eclipse of the bright star by a dark 
body of somewhat less magnitude. The diminution of light re- 
turned with the regularity of clock-work and the amount of 
diminution was always nearly the same 





about one magnitude, 
involving a reduction of the light by about 60 per cent. But if 
this change was caused by an eclipsing body the latter was of 
course nearest to us at the time of the eclipse. Consequently the 
bright star was farthest off at that time and must have been re- 
ceding from us before the minimum—the middle point of the 
eclipse—and began to approach us immediately after. Observa- 
tions were made by Mr. Maunder at Greenwich with a view of 
testing this question, but the result was not very satisfactory. 
Vogel then took up the problem by the aid of photographs of the 
spectrum, and his researches placed the existence of the eclipsing 
body beyond doubt. Fortunately the pair considered as a sys- 
tem had but little motion in the line of sight and the orbital mo- 
tion was thus the most prominent item in the spectroscopic 
results. The bright star was clearly receding frem us before the 
minimum and approaching us after it. 
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This discovery was followed not long afterwards by a similar 


one in the case of Spica (a Virginis) where however there is no 
actual eclipse and no variation in the light. But Spica instead of 
the steady approach or steady recess indicated by the majority of 
the stars was clearly approaching and receding from us alte 
nately with a period of about four days. Evidently there is a 
dark companion which must very nearly eclipse the bright star 
at some part of its course but the actual eclipse is avoided. There 
are, however, some eight or ten known stars whose light varies 


in the same manner as that of Algol and which therefore may 
fairly be assuned to be eclipse-stars though accurate spectro 
scopic results are not easy to obtain owing to their faintness. In 
one of these the period of revolution is less than a day. These 
eclipse-stars, as far as hitherto examined, appear to have spectra 
of the Sirian type and they seem to be the only Sirian stars whose 
light is variable. No doubt owing to their own motion and that 
of the Sun through space the eclipses will ultimately cease and 
their condition will resemble that of Spica. The latter star has 
probably either been an eclipse-variable in the past or will become 
such in the future. The phenomena which these stars present are 
quite unlike those of other variable stars. 

The discovery of spectroscopic double stars where both were 
bright was made at Harvard Observatory by Professor E. C. 
Pickering. When one star is farthest from us and the other near- 
est to us the orbital motion to orfrom the Earth may beregarded 
as nil. Hence the dark lines in the spectra of the two stars will 
be superposed. But as one star moves away from us in its orbit 
while the other is approaching us the lines will widen out and 
ultimately separate into two. Periodical separation and closing 
up again of the dark lines of the spectrum of what is apparently 
a single star thus indicates that it is really a close binary revol\ 
ing either in the period or in double the period that elapses be- 
tween two of the widest separations such a separation may 


take place twice or only once during a revolution according to 
the nature of the orbit and the angle at which it is presented to 
the eve). An actual passage of one of these stars across the face 
of the other would no doubt cause a diminution of light, but this 
has not hitherto been observed. Nevertheless Professor Pickering 
feels confident that the well-known stars Mizar (2 Ursa Majoris) 
and # Aurigz are close double stars whose constitution 1s _re- 
vealed by the periodical separation and closing up again of the 


lines in their spectra. He moreover indicates another mode in 


which double stars may be detected by the spectroscope. If the 
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two components have spectra of different kinds—Sirian and solar 
for example—the compound character of the spectrum would 
probably be noticed as soon as a good classification of spectra 
was established. He suspects the existence of this cause in more 
than one instance where the star presents a peculiar spectrum, 
but does not seem as yet able to affirm it positively. 

With the exception of Mizar, which has a period of either 52 or 
104 days, all spectroscopic doubles hitherto detected appear to 
have very short periods and ou the modern theory of tidal friction 
the binary system is probably at an early stage of its formation. 
The stars as already remarked seem to be of the Sirian type and 
some plausibility is thus added to the conjecture that this type of 
spectrum indicates an early stage of star-history. The duration 
of the eclipses compared with the total period of revolution more- 
over seems to indicate a low density in both bodies. It has in- 
deed been conjectured that in some cases the obscuration is due 
to a dense flight of meteors rather than to a single star. It has 
been maintained that Saturn’s rings consist of such meteor- 
flights though I hardly think the meteors could be so uniformly 
distributed over every portion of their orbits as to give rise to 
the appearance of these rings. But such rings would not explain 
the phenomena with which we are now dealing unless their num- 
ber and position relative to the axis of the rotation of the star 
differed much from what we experience in the case of Saturn. A 
meteor-flight containing a sufficient number of meteors to darken 
the star perceptibly for some hours should I think consist of 
meteors whose periods differed from each other sufficiently to 
break up the groups within a short time and render the darken- 
ing of the star pretty nearly uniform at all times. The inner por- 
tion of the flight would gain upon the outer portion. The light 
would be diminished for a longer and longer period on each re- 
turn but the minimum would become less marked. No such pro- 
gressive change appears to have been observed. The small dens- 
ity of these stars therefore probably arises from other causes of 
which the most probable is that, taking the photosphere as defin- 
ing the limits of the star,a larger proportion of the included mat- 
ter is gaseous and a smaller proportion solid or fluid in the Sirian 
than in the solar stars. The photosphere of the Sun as a star 
probably resembles most closely a luminous cloud or stratum of 
luminous clouds. In the case of Sirian stars we may suppose the 
light to come from high level clouds and in that of solar stars 
from clouds at lower levels. Atthe ultimate stage (if we suppose 
a continuous cooling) the light would probably come from the 
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solid or fluid surface of the star; but the | ht of a star at this 


stage might perhaps be so reduced as to render it invisible with 
our present telescopes unless it approached us more closely than 
any known star. Indeed the surface mi improbably be 
overed with dense masses of opaqu ids h would « 

the light altogether and would t 1 the ’ 
sunk below a red heat This \ S$ pl ) I ime th« 

of our earth. The phenomena of Sun-s] ; well as 

pecific gravity of the Sun seem to indicate rood 4 of 
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Sun into a Sirian star the photosph« t e to be F 
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trum we find the lines of refractory metals like iron which only 
vaporize at a very high temperature. Hence we might be dis 
posed to infer that the solar stars were the hotter of the tw nd 
that a solar star became a Sirian in the p ss of cooling by the 
condensation of the metallic vapors and the consequent disap- 
pearance of their lines from the spectrum. This inference would 


be natural enough if the photosphere was the solid or fluid body 
of the star; but when we assimilate it to a cloud we see at once 


that if the cloud is formed at a very high level we can only expect 


to find the lighter and finer gases above it and that as this lum 


inous cloud sinks in the stellar atmosphere the lines belonging to 


other gases will appear. Nevertheless it should be borne in mind 
that if cooling proceeds there will be a final stage at which the 
metallic lens will disappear in con ond ition 
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THE SPECTROSCOPE IN RECENT CHEMISTRY. 


R. A. GREGORY 


FROM THE FORTNIGHTLY REVIEW. 

It may be taken as a rule, to which there are few exceptions, 
that great scientific discoveries are not made by intending the 
mind upon them; they do not come as the result of one man of 
science saving to another, “Go to, let us make this or that dis- 
covery,”’ but are rather the unexpected conclusions deduced from 
facts accumulated with no other end in view than the exten- 
sion of natural knowledge. Whither an investigation will lead, 
the man of science knows not. His the task to explore the realm 
of nature, and no divine guidance is vouchsaied to him, whereby 
he can pierce the darkness and catch a sight of the scene beyond. 
But whatever road he takes is a road to knowledge, and though, 
after devoting the labors of a lifetime to a research, he may find 
that the same amount of progress could have been made by a 
much shorter route, he has the satisfaction of knowing that on 
his way he opened up many new fields of inquiry. 

The scientific investigator is an explorer of nature’s domain; 
he is, perhaps, better compared to a detective, for his methods of 
work are precisely the same. The crimes upon which he is en- 
gaged are natural phenomena, and by following up one clue after 
another, he aims at discovering the causes which produce them. 
As in the case of the detective of fiction, nothing must escape his 
observation ; he carefully examines everything connected with the 
case he has in hand, and then forms a theory as to how and by 
whom the deed was accomplished. Suspicion sometimes falls 
upon some innocent forces or molecules, and circumstantial evi- 
dence may be so convincing that they are convicted and their 
guiltis proclaimed to the scientific world, but such cases form only 
a very small proportion of the whole. Two recent discoveries in 
chemistry bear out the analogy. That eminent detective in 
chemistry, Cavendish, lighted upon traces of a new constituent 
of the atmosphere, but he did not inquire into the cause of them. 
A century passed before this clue was followed up, and found to 
point to a stranger among the known elements in our aerial en- 
velope. After considerable difficulty, the offender was caught, 
confined and labelled ; and under the exciting influence of electric 
shocks, it was made to disport itself before an admiring public 
at scientific soirées and conversaziones. The capture of this 
strange gas from the air led to the identification of a solar ele- 


Q 
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ment that had been wanted on the Earth for a quarter of a cen- 
tury. This gas was literally “run to Earth;’’ and like its com- 
panion, it was placed in solitary confinement for the exhibition of 
its peculiarities to the curious. Naturally the scientific world 
was excited at the successful capture of two individuals that had 
escaped detection for so long, and since the prisoners have been 
in custody facts have come out which have greatly increased the 
interest in them. Chemists were, certainly, a little disconcerted 
that they should so persistently have overlooked one of the com- 
ponents of the air, but their embarrassment is to some extent 
relieved by the knowledge that the astronomical spectroscopist 
failed to recognize a gas which is now known to be easily and 
copiously obtainable from fairly common minerals, though he 
had probably met with it in the laboratory scores of times. The 
physicist has also been brought to see the depths of his ignorance 
on some points connected with the kinetic theory of gases, so 
that the whole world of physical science has been disturbed by 
the imprisonment and characteristics of the two gaseous prison- 
ers lately arrested. 

If the whole history of science be searched, probably no better 
examples of two widely different ways to scientific discovery 
could be found than is afforded by the researches which have re- 
cently led to the discovery of argon, and the identification of 
helium. The demonstration of a new constituent in the Earth’s 
atmosphere, and the conclusion that this component—argon 
must be added to the list of seventy odd elements, is a veritable 
triumph for experimental philosophy, obtained only after many 
vears of what may truly be termed tantalizing work. With 
helium the case was very different. An experiment, conducted 
with one end in view, led to a chance observarion of the highest 
significance. Quite unintentionally, a discovery was made 
even more valuable to astronomical science than the isola- 
tion of argon seems likely to be to chemistry. This, as well as 
the difference between the two investigations, will be more clearly 
seen after a statement of the circumstances 
case. 


attached to each 
For a number of years Lord Rayleigh, one of the secretaries of 
the Royal Society, has been making experiments to determine, 
with the utmost degree of accuracy, the densities of nitrogen and 
other gases. The point eventually brought out by his researches 
was, that nitrogen extracted from the atmosphere was about 
one-half per cent heavier than nitrogen obtained from various 


chemical compounds. It was first thought that the difference 
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might be caused by contamination with common impurities; that 
in fact, an ingredient specifically heavier than nitrogen was mixed 
with the gas derived from air, or one lighter, hydrogen, for ex- 
ample, was blended with nitrogen made from compounds. Not 
for an instant was it supposed, in the earlier stages of the work 
that any new substance was the cause of the diserepaney, and 
especially was it considered improbable that the greater density 
of the atmospheric nitrogen was due to the presence of an un- 
known constituent of air. For it was hardly thinkable that a 
gas, which is now known to surround us in enormous quantities 
on all sides, could have escaped detection in the thousands of an 
alyses to which chemists have subjected our aerial envelope, in all 
sorts of places and under all kinds of conditions. Such, however, 
were the facts, and so great is the reliance placed upon Lord 
Rayleigh’s work, that no physicists thought of questioning the 
accuracy of his results, however much they might be at variance 
with the observations of chemists. After the definitive results had 
been published, and after the discrepancy between the weights 
of equal bulks of atmospheric and chemical nitrogen had been 
talked over in scientific circles, Professor Ramsay joined with Lord 
Rayleigh in the endeavor to discover the cause of the anomaly 
Following up the indications of the experiments, both workers 
extracted nitrogen gas from air, and then endeavored to eliminate 
it, in order to see if a residue composed of any other gas would 
be left. Both were successful in detecting and isolating the un- 
known and heavier constituents, though by different methods. 
The existence of a gas new to science was proved by many lines 
of evidence, and the abnoru.al density of atmospheric nitrogen 
was shown to be due to the presence of this body in air. Into the 
questions of the chemical nature of the gas it is not now proposed 
toenter. The story of the discovery ts briefly told in illustration 
of the patient work and tedious experimentation that had to be 
carried out, before the teaching of the results came to be under 
stood. 

The reality of argon having been established, evidently the next 
thing to do was to examine, so far as possible, the nitrogen from 
different sources, to see whether it was nitrogen mixed with argon 
or with argoncompounds. In the furtherance of this research for 
chemical combinations of argon, Professor Ramsay was led to 
experiment upon cleveite, a rare Norwegian mineral, which had 
been found to give off, when boiled with weak sulphuric acid, two 
per cent of a gas supposed to be nitrogen. The question to be de- 


cided was: ‘Did this gas contain any argon, either free or com- 
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bined ?”? Never was an inquiry answered in a more definite man- 


ner than by Professor Ramsay’s experiments. The gas proved to 


contain only a trace of nitrogen To determine readily the 
character of the remainder, some of it was sealed up ina glass 
tube, through which an electric current as passed—this being 


the usual method of making a gas luminous, so that the quality 
of its light can be observed by means of the spectroscope. The 


light passed into this marvellous instrument of research, and was 


sifted into its component parts by the prism. And when the 
bright lines into which it was resolved were observed, they were 
found to comprise a number of prominent rays of which the 


origin was not known; in other words, the gas which had been 


believed to be nitrogen was something quite different. One of 


if 


these bright rays was especially brilliant. At first sight it seemed 


to be the badge of sodium—and it might well have been passed 
as such, for the spectroscopist expects to find sodium in every- 
thing, and the line seen occupies very nearly the place of a sodium 
ray in the light scale. To settle the matte 


it 


Professor Ramsay 
sent a tube, filled with the gas, to Mr. Crookes, who undertook 


to make a full spectroscopic study of its 


| contents. Mr. Crookes 


possesses a powerful spectroscope, and, like all experienced work- 
ers with this instument, he knows by 


art t 


1e% the collections of lines 


into which the prism breaks up the light from different luminous 


gases and vapors. Upon electrically illuminating the gaseous 


contents of the tube, he saw the bright yellow line, apparently 


occupying the place of sodium in the spectrum. Two tests, how- 


ever, proved that this ubiquitous element was not being ob- 


served. When viewed with a fairly powerful 


spectroscope, the 


sodium badge, which looks like a single bright line in an instru- 


ment having small capacity for dispersing light, is seen to consist 
of two lines very close together. But observati showed that 
the conspicuous band of yellow light w lot a twin-line at all 
it remained rigorously single ( vas brought to 
bear upon it. To clinch the 1t was throw 
Into thre 3p troscope simutta { n tne ne 
owas, and tl O sources « lun t oul t« ot 

Oo distinet qualities Phe | observed in 
th 11 customary p sition | iid 1 he helt 
scale the strange line found ¢ 

The line seen in the light of gas f1 \ e was strange to 
terrestrial laboratories, but not ne to spectroscopic science; it 


was identified as a line belonging to helium, an element onl pre- 
viously observed in analyses of solar light. This was a discovery, 
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the full significance of which can only be appreciated by workers 
in solar physics. To astronomers it is just as important as the 
isolation of argon is to chemists, though it was arrived at much 
less laboriously. Not aman of science, but would be content to 
spend many years of work to achieve the result, yet by simply 
adding weak oil of vitriol to cleveite and investigating with the 
spectroscope the gas evolved, it was possible to prove the exis- 
tence of terrestrial helium. It is not, perhaps, too much to believe 
that spectroscopists had observed the spectrum of this element 
in their laboratories before; but either for want of time and effi- 
cient instruments, or because they lacked perspicacity, they did 
not appreciate the strangeness of the view, and so missed a re- 
markable discovery well within their reach. 

The brilliant line now identified has been observed in solar phe- 
nomena for more than a quarter of a century. During the total 
solar eclipse of 1868, the spectroscope showed that the red flames 
or prominences visible here and there around the Sun’s edge, when 
the dark body of the Moon had cut off the dazzling light of the 
Sun’s visible surface, consisted of luminous gases, chief among 
which was hydrogen. Shortly afterwards, Mr. Norman Lockyer 
perfected his method of observing solar prominences at any time 
when the Sun is shining; and he then found that, in addition to 
hydrogen, the light of these tremendous flames commonly ex- 
hibited in the spectroscope a vellow line, which had no counter- 
part among the dark lines seen when ordinary sunlight is ana. 
lyzed; nor could any terrestrial substance 


be found to emit 
radiations of the same quality. 


The conclusion indicated by the 
observations was, that the substance which emitted the enigmat- 
ical light was the exclusive possession of bodies at the intense 
temperature of the Sun, and for this reason Professor Lockyer 
gave it the name helium—the element of the Sun. For twenty- 
six years, solar observers have watched the helium line, and have 
wondered at its mysterious extra-terrestrial character. 


It isnow 
known that the name is a misnomer. 


The position, in the light 
scale, of the line from cleveite gas, has been found to agree with 
that of the line due to the hypothetical element, helium. To es- 
tablish the identity beyond the possibility of a doubt, a direct 
comparison of the cleveite line with the helium line has been 
made. To do this,a tube containing the new gas was electrically 
illuminated, and so arranged that its light could be seen in a spec- 
troscope at the same time as the light from a solar prominence 
containing helium. As, under these conditions, the two lines ap- 
peared to be identical in position, the discovery seems almost 
established beyond ail question. 
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There are, however, dissentients from this view. Professor 
Runge, a well known and trustworthy worker with the spectro- 
scope, has given reasons for believing that the conclusion has been 
arrived at a little too hastily. An examination of the terrestrial 


or 
mm © 


is has shown him that the conspicuous yellow line it bears is 
double; therefore, he argues, and with some force, that it cannot 
be identical with helium proper, unless the characteristic line of 
that solar element is also shown to be double, and with the two 
components in the same position on the light scale as those meas- 
ured by him in the laboratory. Dr. Huggins has since examined 
the solar line and finds it to be rigorously single, so the difference 
remains to be explained. It is just possible that, assuming the 
difference pointed out by Professor Runge to be established, the 
duplex character of the vellow badge of terrestrial helium is due 
to the gas being observed under conditions different from those 
which obtain on the Sun. Fortunately, the case for the identity 
of the gas from cleveite with helium gas, does not depend entirely 
upon the coincidence of the solar spectrum-line with a line observ- 
able in the laboratory. Five or six characteristic rays of ter- 
restrial helium have been proved by Professor Lockyer to match 
bright lines which appear most frequently in the analyzed light 
of solar prominences. Dr. Deslandres, of the Paris Observatory, 
finds the same agreement in the light of terrestrial and solar 
material, so there seems little room for scepticism in the matter. 

It mav be thought that the identification of another terrestrial 
element in the Sun, or rather the existence of another solar sub- 
stance on the Earth, is not a matter of the highest importance, 
But helium is not as other elements are; it is unique in many 


Ways; it | 


is a characteristic component of that tenmpest-tossed 
sea of luminositv—the solar chromosphere mut of which the 
prominences spurt and spout, now rising in jets for thousands of 


miles, and anon hanging for hours or days together in fantastic 


forms over the turbulent stratum trom which they rise. Evi- 
dence has been brought forward that at the great temperature of 
the Sun, bodies we regard as elements are broken up, or disso- 


ciated, into more elementary forms of matter; and it has been 
suggested that helium is the primordial substance into which all 
elements can be resolved by proper means. Chemists, generally, 
regard the theory with disfavor, and stampas heretics those who 
give it consideration. Buc now that helium has been found on 
the Earth, we are within reasonable reach of some further inquiry 
on the subject. 


The promise of the future in regard to knowledge of the nature 
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and properties of helium is not likely to be an empty one, for the 
gas has already been found in from fifteen to twenty different 
minerals, though not associated with argon, which has never yet 
been obtained from minerals Sut, though argon has not a min- 
eral source, helium is so easily enticed from its seclusion that 
workers with the spectroscope are a trifle depressed at its belated 
discovery. As a matter of fact, spectroscopists have in recent 
vears confined their attention tooexclusively to problems in celes- 
tial chemistry, and have somewhat neglected the spectroscopy of 
the common substances which form the Earth’s crust; if this were 
not the case, argon and helium would have been discovered long 
ago. Butanew era has now commenced, and the spectroscope 
will take a more prominent place in chemical analysis of the 
future than it has in the past. 

The two new gases have already furnished astronomy with a 
number of valuable facts. Shortly after the discovery of argon 
had been proclaimed, some one pointed out that a strong line in 
its spectrum occupied about the same position as the ray which 
characterizes the light of the misty material of which nebule are 
composed. Little attention need be paid, however, to this acci- 
dental, and not very close, coincidence. A single swallow does 
not make a summer, nor is the coincidence of one of the many 
lines in the spectrum of argon, with a line in nebular spectra, suf- 
ficient to base any argument upon, even if the terrestrial and 
celestial rays exactly correspond with one another. A more im- 
portant fact is that lines due to helium are undoubtedly found 
ameng those into which the light of nebulz is broken up by the 
prism. And Professor Lockyer has carried the matter still 
further in an astronomical direction, by comparing the spectra of 
the gases (consisting chiefly of helium) obtained from various 
minerals, with the spectra of certain stars 

Itis now commonly known that the chemical constitution of 
the atmosphere of a star can be determined by means of the spec 
troscope, which breaks up the composite stellar beams into the 
component parts, and presents to the observer a faint strip of 
light usually crossed transversely by dark lines. These sombre 
rays are the tongues of elements which make up a star’s gaseous 
envelope, and astronomers have long been engaged in finding ter- 
restrial interpreters of their languages. One after another sub 
stances on the Earth have had their spectra brought side by side 
with analyzed starlight, with the result that many stellar rays 
have been tound to have terrestrial equivalents. But much still 
remains to be done; the Sun is a star which can be studied under 
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the best conditions, vet the origins of about two-thirds of its 
spectrum-lines still remain a mystery, while, in the case of the 
more distant Suns distributed through interstellar space, the sat- 
isfaction at the information which the spectroscope has drawn 
from them concerning their constitution is greatly impaired by 
the knowledge that so much remains a mystery 

Professor Lockver’s comparison of star-spectra with the spec- 
tra of the new gases obtained by heating various minerals in a 
vacuum, has enabled him to reduce the number of enigmatical 
rays in starlight. He has found that the lines due to helium are 
exactly matched by lines in the spectra of a certain type of stars, 
as well as by lines in the solar chromosphere, and has thus been 


able to demonstrate a relation between the new eg 


ases and solar 


ind stellar phenomena. His conclusion as to the results which 
are likely to follow from this, is very sanguine. In a paper re 
cently read before the Royal Society, he said: *‘ We appear to be 


in presence of the vera causa, not of two or three, but of many of 
the lines which, so tar, have been classed as ‘unknown’ by stu 
dents, both of solar and stellar chemistry; and, if this be con- 
firmed, we are evidently in the presence of a new order of gases 
of the highest importance to celestial chemistry, though, perhaps, 
they may be of small value to chemists, because their compounds 
and associated elements are, for the most part, hidden deep in the 
Earth’s interior.’”” The thought expressed in the latter part of 
the quotation is a very suggestive one, andit indicates the reason 
why the state of knowledge of the chemistry of the Sun and stars 
remains so imperfect. It is known with some degree of complete- 
ness how far the common elements upon the Earth are found in 
stars, but of the gases which, in all probability, are occluded in 
the heavier minerals, we are only just beginning to acquire infor- 


mation, though 4 priori considerations point to them for the so- 


i 


lution of many extra-terrestrial spectroscopic phenomena. No 
wonder, then, that Professor Lockver regards the future study of 
the actions and reactions of the new order of gases as full of 
promise of a terrestrial chemistry of paramount importance in 
connection with questions of stellar evolution. So many facts 
seem to justify this hope, that it is almost a pity to say anything 


which will diminish the satisfaction derived by spectroscopists 
trom contemplation of the new vista. It is just as well to beat 
in mind, however, that there are limits to the possibilities of 
spectroscopy. We know, for instance, that solar promuinences, 


and the sea of flame from which they rise, are largely composed 


of helium; of that there is no doubt whatever, nevertheless, if 
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the Sun could be taken away into space until it had dwindled 
into a star, the spectroscope would fail then to reveal the exis- 
tence of helium, though the constitution of the Sun had not 
altered a jot. Even though most stars fail to show helium in the 
spectroscope, this is no proof that helium is absent from them, 
and the same reasoning can be applied to other elements. 

There are cther reasons for regarding as incomplete the knowl- 
edge gained by the spectroscope as to the constitution of the Sun 
and stars, or as affording evidence of the presence of a particulat 
gas ina gaseous mixture. Recent experiments have shown Pro- 
fessor Ramsay that if a small proportion of nitrogen or hydrogen 
be introduced into a vessel containing argon or helium, the char- 
acteristic spectra of the two latter gases are completely masked, 
that is to say, if only spectroscopic evidence were relied upon, the 
verdict would be that neither argon nor helium were present in 
the mixture. Indeed, quantitative experiments have brought out 
the astonishing tact that trom five to ten per cent of nitrogen en- 
tirely obscures the characteristic yellow line of helium. Prob- 
ably the laboratory conditions differ from those of the Sun, but 
if they were the same we should have to conclude that a small 
percentage of nitrogen in the Sun’s chromosphere would have 
prevented us from ever seeing helium. Spectroscopic astrono- 
mers have reason to be proud of the achievements of their in- 
struments of research, but the consideration of such facts as those 
referred to will show them that what is known may be as noth- 
ing compared with what is not known about the chemical consti- 
tution of celestial bodies. 

The testimony afforded by the spectroscope as to the nature of 
celestial things 1s, therefore, imperfect. In pre-spectroscopic times, 
meteorites were the messengers which gave the world a faint con- 
ception of extra-terrestrial matter. The mode of origin of these 
objects is not exactly understood, but they are generally re- 
garded as fragmentary products of eruptions on the Sun, stars, 
or planets. But leaving the question of origin at present out of 
consideration, it is evident that meteorites should be able to as- 
sist in correlating terrestrial and celestial chemistry. An exam- 
ination of “holy things fallen from heaven” furnished Professor 
Lockyer with the foundation upon which he built his meteoritic 
hypothesis a few years ago, and Professor Ramsay has now 
greatly added to the interest attached to those masses of iron 
and stony matter, for he has found both argon and helium in a 
meteorite which fell at Augusta County, Virginia. A few ounces 


of the meteorite were placed in a glass tube and heated. The gas 
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driven off proved for the most part to be hydrogen, but after sub- 
tracting this and other well-known gases, the residue was found, 
by spectroscopic examination, to consist of the two new gases 
which have created such a sensation in scientific circles. Argon 
and helium have thus been proved to be contained in meteoritic 
matter, and the question naturally arises: How did they get 
there ? Professor Ramsay suggests that the mctec rite WAS ONCE 
part of a stellar body at a high temperature, having an atmos- 
phere in which hydrogen, argon, and helium existed, with other 
gases. In this atmosphere the mass was heated to fusion, to be 
finally ejected by some voleanic force. But plausible as this ex- 
planation is, it must remain only an unconfirmed theory, for, in 
the first place, it is possible, though very improbable, that the 
meteorite was ejected by a terrestrial volcano; and, secondly, 
there is not sufficient evidence that the meteorite could not have 
derived its argon from the Earth’s atmosphere, and the small 
proportion of its helium from the upper limits of the atmosphere. 
Assuming the theory to be true, the meteorite affords direct 
evidence of the existence of argon and helium in stellar 
spheres. 


atmo- 


Helium has not yet been found in the air, nor is it likely to be. 
As with hydrogen, its atoms are so light that the Earth is unable 
to hold them, and their energy is sufficient to carry them event- 
ually outside the sphere of influence of our globe. This brings us 
to a very important point raised by investigations of the energy 
of argon and helium atoms. The molecules of every gas are 
known to be dashing about in all directions, with a velocity de- 
pending upon the temperature. When a gas is heated, these mo- 
tions are increased, so that a rise of temperature means an 
increase of the energy of the molecules. Now the amount of heat 
expended upon the gas can be expressed in terms of energy, for 
heat is a form of energy; and the energy used up in making the 
molecules travel faster and further can be found by observing the 


rise of temperature, when the gas is enclosed in 


a vessel, and 
when it is allowed to expand. Accurate experiments show that 
the energy supplied is not all accounted for by the measurable ef- 
fects produced. Some of it is apparently used up in giving rela- 
tive motion to the different parts of the molecule, which may 
consist of one or more atoms. To some extent the energy thus 
used internally depends upon the number of atoms in a molecule, 
therefore measurements of the amount of this energy give a clue 
to the constitution of gaseous molecules. Now, in the case of 


argon and helium, and also in that of mereiry vapor, the energy 
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absorbed by atomic motions is extremely small—practically, all 
the energy supplied is taken up by the increased motions of the 
molecules. The conclusion drawn from this is, that, in these 
gases, the atom and the molecule are synonymous, or, in scientific 
terms, that they are monatomic gases. So far all is plain sailing, 
but when the spectra of such gases come to be considered, the 
theory is found wanting. According to one view, the luminosity 
ofa gas through which an electric current is passing is due to the 
vibrat.ons of the atoms in the molecule, so that a monatomic 
gas could not be made lumiuous, and therefore could have no 
spectrum. This theory is at once confuted by the fact that mer- 
cury vapor, argon, and helium can be made luminous, and all 
three have characteristic spectra. As a matter cf fact, the theory 
upon which the case for the monatomicity of these elements rests 
leaves the optical properties out of count. The most feasible 
view seems to be that the luminosity of a gas through which an 
electric current is passing, and, therefore, the spectrum of the gas, 
is due to vibrations of the hypothetical ether surrounding the 
molecules, and not to the vibrations of the molecules themselves. 
If this be so, it should be possible to deduce the phenomena of 
spectroscopy from the electro-magnetic theory of light, now ac- 
cepted by physicists. This theory to account for the spectra of 
gases has vet to pass through the fire of criticism, and one of the 
first points it has to answer is how different gaseous molecules 
cause the ether to vibrate differently. But whether this theory is 
compatible with facts or not need not be discussed here; at any 
rate, argon and helium have raised some very nice points over 
which chemists, mathematicians, and physicists may wrangle for 
some time to come. 

One other point remains to be mentioned. Two lines in the 
spectrum of argon appear to be exactly coincident with two in 
the spectrum of helium. This and other considerations indicate 
that argon and helium contain, as some common constituent, a 
gas not vet isolated. Prolessor Ramsay regards the presence of 
the third new gas as almost certain, and Professor Lockyer hints 
at the existence of several more. Surely more startling state- 
ments were never before precipitated upon the world of science. 
But whatever results future work may lead to, it can already be 
said, without fear of contradiction, that since spectrum analysis 
became an accomplished fact, no new elements have held out 
greater promise of assistance in unravelling mysteries of celestial 
constitutions than argon and helium, and the gases which are as- 
sociated with them.—Littell’s Living Age, No. 2671. 
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HOW THE TELESCOPE AIDS ORDINARY VISION. 


FOR POPULAR ASTRONOMY 

So many questions are asked by intelligent readers about the 
magnifying powers of telescopes, that it seems best to mention 
the important facts relating to this theme so well known and so 


useful to the practical astronomer 


For our present purpose all we need to notice about the telescope 
is its object-glass and its eyepieces. The use of the object-glass is 
primarily two-fold, viz: to collect the parallel rays of light from 


a distant object that fall on its outer surface, and to focus those 


} 


rays in a small but well-defined iniage at a distance from the 
object-glass called its focal distance The image of the celestial 
object thus formed wiil be bright in proporcdon to the amount of 
transniit to it 


Object-glasses of the same size may have different focal lengths 


light which the object-glass is able to gather anc 


and still be excellent in quality, but those having the greater 
focal length will form the greater focal imag 
A man much interested in all recent astronomy said to us the 


] 


other day, ‘If light is one of the things vou want why not use elec 


trie light and put abundance of it on the image and then use still 


higher magnifving power and so tell us more about the planets 
Most of our readers will readily understand that the astronomer 
is not favored in this way as the microscopist is. He has not the 


privilege of so illuminating the object whose image he is studying 


as may he done often in the use of the microscope. Generally the 


I 
1 


astronomer can use only the light that comes directly from the 
heavenly body, and he must plan to get as large a quantity of it 
as possible, and then cause that light to fall on the image at the 
focus that it may be greatly increased in size by the eve-piece and 
still be bright enough to be seen well. Astronomers are now try- 
ing curious devices in order to gather more light from the heav- 
enly bodies so as to reach the end suggested above in a way that 
will be in keeping with common laws of physics 

The use of the evepiece is to magnify the image formed by the 
object-glass and make rays of light from it sensibly parallel as 
the normal eve can use such a beam of light tor distinct vision. 
The different kinds of eve-pieces in ordinary use accomplish this 
in different ways which are adapted to the kind of work the as- 
tronomer is trying todo. If he is trying to measure the distance 
between two stars he may need a flat field, as it is called, then he 
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will use an eyepiece like an ordinary hand magnifier which he 
calls a positive eyepiece because the image viewed by it is outside 
of itself. If the observer is making a careful study of the surface 
details of a planet, for example, he will then use another kind of 
eyepiece which is called negative, because the image from the ob- 
jective is formed between the two lenses of the eyepiece that are 
usually separated from one another an inch or less. The positive 
eyepiece gives a flat field of view, but brings into it some color 
that does not belong to the object under study. This is the weak 
point in this kind of eyepiece, and because of this: astronomers 
say it is not acromatic. The negative eyepiece is better in this 
regard, but it is not perfectly acromatic. So the observer must 
be on his guard in original observations that the sight imperfec- 
tions of his instrument do not mislead him wheu he ts trying to 
determine shades of color belonging to various celestial objects. 

Itis not our purpose now, to show how the object-glass and 
the eyepiece of a telescope take up the rays of light from a heav- 
enly body, bend them to a focus, form there an image and then 
present that image to the eve, for this is always explained in ele- 
mentary books on physics, and hence it is unnecessary ; but we do 
wish to make as clear as possible the meaning of the word power 
as it is used in defining the work of the telescope. 

When we say the magnifying power of a telescope is 200,500 
or any other number, we do not mean that the given numbers 
represent comparative areas, as the area of one circle with an- 
other, but we do mean the linear measure across the image as 
seen by the eve at the telescope compared to that of the visible 
object as seen by the unaided eye. 

Hence astronomers have come to use the word ‘‘ diameters ”’ as 
a unit of measuring powerinstead of the use of the word ‘‘times.”’ 
When they say a telescope magnifies 500 diameters, they mean 
that the diameter of the image is five hundred times greater than 
that of the object as seen by the naked eye. If we were to com- 
pare the area of the image with that of the object in this particu- 
lar case, we readily see that the former would be 250,000 times 
as great as the latter. In other words the relation of linear di- 
ameters to times in area is always found by squaring the number 
representing the linear diameters of magnifying power. Thus, a 
power of one thousand in diameters would be equivalent to one 
million of times in area. To the inexperienced this relation and 
the very large number it suggests seem untrue and wholly im- 
possible, but nothing in astronomy is better established than this 
fact. 
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The next inquiry naturally is concerning the methods of finding 
out the magnifying of any telescope. The methods in practical 


use are various and not at all difficult. They consist in compar- 
ing the focal lengths of the object elass and the various eve NeCes 
belonging to the telescope. For example the focal length of the 
object glass of Goodsell Observatory is 22 feet or 264 inches and 
that of one eyepiece is about 0.66 of an inch The magnifying 
power of this particular evepiece is therefore 400 diameters 
The power of other eyepieces is determine he same wayv,and 
the highest powel which the largest telescope t the Goodsell Ob 
servatory carries 1s 1600 diameters With this power, on a night 
of excellent ‘seeing’ last vear a vt close ible star was dis 
covered and easily measured The co nients of that ne 
double star were So close t get r-e3 { ere nearly at thie 
theoretical limit of the highest power of the t lescope 

It is very rarely that we canuse the high power of the telescope 
because of the unsteadiness of the ospher For it must be 
apparent to casual thought that when an observer is looking at 
a celestial body every tremor in the path of the light from that 
body through the atmosphere will be magnified in the same de 
gree that the object itself is. So it is not an uncommon thing 


that the stars will dance in the telescope most tantalizinely while 
they look so beautiful, large and bright to the naked eye 

From what has been said some general idea may be gained how 
1 
i 


telescopes aid the eve in the study of distant objects 

Now a few words about the great Lick telescope at Mount 
Hamilton, Cal., may be of further use in the same way, because 
reading people often ask what the largest telescope can do in aid- 
ing the natural sight. 

The highest power of the ordinary kind in regular use on that 
telescope is 2600 and the lowest 260. Higher powers of some 
special kinds have been employed in particular cases where such 
are suitable, but only under such circumstances 

The most useful powers for this instrument are 350, 520 and 
1000. Of course much depends upon the object to be studied and 
the condition of the atmosphere in the use of all powers. The 


planets are best seen with 350 and 520 and the former is gener 


ally preferable. The nebulze are ordinarily best seen with the 
lower power, unless a particular one is small and definite and 
then a power as high as 1000 is satisfactory. This power is by 
far the best in the study of the asteroids and ordinary double stat 
work. When the atmosphere is clear and steady 1500 and 2600 


are absolutely necessary and very satisfactory in measuring very 
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close double stars. But these powers can be used only for this 
kind of work under most favoring circumstances. Thev can not 
be used on the planets and strange as it may seem, Jupiter bears 
less magnifving than any other of the planets although the 
Jovian satellites stand very well under an eye-piece of 1000 di- 
ameters. These facts were given us recently by E. E. Barnard 
who has used the great telescope in all these lines of work. In 
the May number of Knowledge, 1894 (English) will be found a 
fuller statement of the most useful magnifying powers of this 
great telescope, made by both astronomers Barnard and Burn 
ham. 


GRATING SPECTROSCOPE FOR SMALL TELESCOPE. 


IAVID E. HADDEN 
FOR POPULAR ASTRONO 

In the June 1894 number of PopuLar Astronomy I gave a 
short sketch of a home-made spectroscope for use with a small 
telescope; since then I have received numerous letters from ama- 
teurs in various portions of this country and some foreign lands, 
asking for further information regarding its construction, price, 
ete. 

I will endeavor to answer these inquiries now, by giving a 
description of my own instrument which has been changed some- 
what from my original one referred to 

The tube of my S-inch telescope was fitted by Mr. J. A. Brash- 
ear, Allegheny, Penn., with a rotating collar, containing aper- 
tures into which two round brass rods », inches diameter are 
mserted. The rods were fastened to the ends of the grating box 
by means of screws. 

Having a 2-inch Rowland grating I had the box made to fit it 
of the following dimensions: Outside diameter 334-inches, inside 
diameter 3Y4-inches, length 4%4-inches (this size was necessary 
because the distance between the centers of the brass rods is 
4 inches) the box was turned from a piece of very hard wood, 
and the two closely fitting end pieces fastened on with screws; 
a bleck of hard wood was fitted to the evlindrical front of the 
box, through which two holes for the collimator and observing 
telescope, were bored, so that they make an angle of about 
271% degrees at the center of the surface of the grating. 

The object-glasses of both collimator and observing telescope 


are *%-inch in diameter, focal length 614-inches. An adjustable 
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slit is fitted to the collimator and anegative eve-piece magnifying 
about six or eight diameters used on the observing telescope. 

A five inch circle of hard wood one-half inch in thickness is 
fitted near the slit end of the collimator, through the center of 
which the tube passes; holes are also bored tor the brass rods, 
which are fastened to it with screws the observing telescope is 
also attached to the circle so that the entire instrument is light, 


strong and steady and easily adjusted to the large telescope 





a 


ae wane 
PANDA A 00 RRS ES, 
wolngQub se : 














The cut shows the spectroscope with one end of the grating box 
removed, to this is attached the T piece holding the grating 


which is rotated by means of a couple of geared wheels 


To attach the spectroscope to the telesco] eis but the work of 


a minute or so, simply inserting the rods into the collar the 
proper distance to secure a sharp imave of the Sun o1 other ob 
ject, on tie slit plate, and clamping. Of course some adjustments 
are necessary with both collimator and observing telescope, for 
different orders of spectra, varying con litions ot the atmo 
sphere, ere. 

\s to the cost, the material for box, circle and rods need not 
exceed a dollar or so. Good achromat lenses with tubes will 
cost about 3 or 4. dollars each. The slit is an important piece of 
mechanism and may be purchased or made The grating, of 


course, will be the main item of expense, but a good one of about 
114-inches diameter can be had from Mr. Brashear for about 15 


to 20 dollars, which is not expensive, when it is considered that 
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in resolving power it equals many prisms and will afford the stu- 
dent an interesting and fascinating field of study in the new as- 
tronomy. 

ALTA Iowa, Sept. 7th 1895. 


THE SOLAR EPHEMERIS. 


J. MORRISON, M. A., M. B., Pu. D 


FOR POPULAR ASTRONOMY 


For the computation of approximate valuesof the solar co6rdin- 
ates, etc., for places other than those on the meridian of Green- 
wich and Washington a column of ** hourly variations” is added. 
The hourly variation of any quantity at any time,is the varia- 
tion or change which would take place in an hour, if the rate of 
change at that time, were to continue uniform throughout the 
hour. This must not be confounded with the average variation 
which 1s defined as that hourly variation which if continued dur- 
ing an hour, would produce the change in the value of the 
quantity that actually does take place during this interval; thus 
if the difference between the values if a quantity at the times 
T and T+ t be divided by the interval ¢, the quotient is the 
average variation, but the hourly variation given in the ephem- 
eris if continued untform during the hour would not necessarily 
produce the change which the quantity actually undergoes in the 
same interval. 

Let a, a, ete., be the values of any quantity such as the R A, 
or Decl. of the Sun or a planet for the dates T_», T 1, ete., 
which are consecutive mean noons and let the Ist, 2d, ete., differ- 
ences be formed as indicated in the tollowing table: 


Date Function Ist Diff 2d Dill Srd Din tth Diff Sth iff 
oe F7) 

b,, 
= H c 

/ d, 
1 a c € 

h d, 1 
T\ 1 c t 

b d I 
Ts a c ¢ 

b d’ 
T: a ‘ 

Lb” 
T, a 


* Continued trom page 32 
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Pat 6 + 6. = 2b,, c Cc. dxn+d 2d, ¢ e,, etc., then we 
shall readily find 
b b T : c,d d T “ ae d d T Cc d T S. 
1 
and ¢ ot ad CF, t+ d,t+ ze 


the fourth differences may be assumed to be equal 
Now if a‘! denote the value of the function at any other date 
we have by the well known formula 
; t(t — 1) t(t 1] t 2) 
FAL a-+-tbh- : a co = “= ad + €t., 


~ A - wv 


and substituting the values of b, c, et 


4 
> 
~ 


We easily find 
after reduction 


1 t } t t 
alt a+ t(b - g a) ra ( Th = a nae etc 

and differentiating we have 

da‘ 1 ] t t 

b, — i +t # ) d » + etc ) 
de ) « | ( 12° 9 @ ‘ etc., (14 

making ¢ 0, = 1, 2 etce., we have the variations at the dates 
T T_ , T\ as follows: 

P 11 a 
\t 7 b, — 2 d,— x 

6 3) 
, ] 1 
1 h Cc d ¢ 
3 12 
po 1 
1 b,—.d (15) 
6 

re 1 1 

T b,+e,+ 3d r 30! 

wn 11 7 

T Db, + 2e —-d,+-7€ 

6 6 


Of course each of these must be divided by the number of hours 
between the dates T, T, etc., as in the following example: 


D ate. *s Decl. Ist Diff. 2d Diff. Srd Diff. 4thDift 
1895, May 1 +13 6 45.0 
0 37.5 
2 13 57 22.5 9.6 
L.. BO 7.9 — 11.0 
3 14 47 304 10.6 1.0 
+ 49 27.3 — 12.0 
4 186 36 57.7 02.6 
18 34.7 
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Suppose we require the hourly variation in May 3° 0", we shall 
then have 


‘ 
~ 


1 ~- | Mw da ! , meh « 
b, = — (50’ 7”’.9 + 49’ 27.3) 


19’ 4:7’'.6, c, = — 40.6, d, = — 11”.5, € 1”.0 
and hourly variation 
1 1 wm 
(b . d,) r 124°°.56 
24. 6 


which is recorded in its appropriate column opposite May 38. 
For May 8, 1" we find the hourly variation to be 

1 er " oe , 

og, | + 49’ 47” 6 — 40.6 — 3”.83 — 0”’.08) + 122” .63 


aa ID, 


and so on. 


THE WASHINGTON EPHEMERIS. : 
This is computed from the Greenwich ephemeris just described 
by simply interpolating the various quantities for 5" 8" 12°.04— 
the west longitude of Washington. The R. A. Decl. and equation 
of time for apparent noon, are derived from those for Washing- 
ton mean noon in precisely the same manner. as has already been 
described, and therefore no further explanation is necessary. 
The sidereal time at mean noon is obtained from that of Green- 
wich mean noon by adding the increase in 5" 8" 12°.04 which is 
+ 95.8565 X 5.1367 = 50°.62988. 


dua 
THE Sun’s EQUATORIAL RECTANGULAR CO-ORDINATES. 


The formule are given in the appendix and we here give the 
demonstration. 


5 Let VO represent the equator, 
Cc VC the ecliptic, S the Sun, SA the 
ati Sun’s latitude = £, VA the Sun’s 
longitude = A, CVQ the ob- 
af liquity = @ 
aA 


/ ED X, DP Y and 
SP = 2,55 = 8. 


From the right triangle AVS 
we have 


sin A tan f cot AVS 


— tan 
or tan AVS : 
sin A 
1vs= —” 
O1 AVS : vy suppose 
sin A PI 
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Also cos VS=cos f cos A = cos A, since f is always 
less than 1” and cos / may be taken 1 and therefore VES may 
be taken equal to A. 


X R cos A (16) 
Y DP = DS cos SDP 
R sin A cos (w+ v) 
R sin A cos © cos } R sin A sin sin 
R sin A cos @ R/ sin 
R sin A cos @ — Rf” sin 1” sin 
R sin A cos w — Rf” X 19.3 (in units of the seventh 
decimal place) (17) 
PA R sin AX sin SDP 
R sin \ sin (w+ vy) 
R sin A sin w + RA sin 1” cos 
R sini sin w+ RAP” X 44.5 (in units of the seventh 
decimal place) (18) 


Differentiating (16) we have 
dX =— Rsin Adi, but R sin A Y sec @ from (17) neglecting the 
term 19.3 RA”, and dA is negative being the reduction of the true 
longitude for precession and nutation, therefore we get 
dX = Y sec wd 
which must be made homogeneous, dx being expressed in linear 
measure and dA in angular measure, hence multiplying the latter 
by sin 1” and writing 4X’ and 4A for dX and da respectively 
since they are not now to be regarded as infinitesimals we have 
Ax” + VY sec @ JAX sin 1” (19) 

Differentiating (17) we get by the aid of (16) and (18) after 
rendering both members of the equation homogeneous 

4Y’ =— X cas @WAA sin 1” + Z4@ sin 1” (20) 
and in a similar manner from (18) we find 

4Z’ =— X sin @4X sin 1” — Y4@ sin 1” (21) 


In the application of these last three formule thesigns of ZA and 
Jomust be regarded as positive; they are, however, both negative, 
being the reduction of the true longitude and true or apparent 
obliquity of dateto the mean longitude and obliquity respectively 
Thus for April 10, 1895, JA 15”.73 and da 6".33 


page 278 Am. Ephem.) but the negative sign is already taken 


, {802 
into accountin the formulz in order to conform to the ephemeris, 
but the ephemeris is in error in regard to 4@ which is not * the 
reduction of the mean to the apparent obliquity.”’ 
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It now remains to explain the terms — 9.47Rsin (A + 187°) 
and + 21.77R sin (A + 187°) which enter into the values of JY’ 
and 4Z’ respectively. They appeared for the first time in the 
American Ephemeris tor 1869 and were evidently taken, without 
acknowledgement, from the Connaissance des Temps and up to 
the year 1886 the formule for 4Y’ and 4Z’ contained two sym- 
bols for the Sun’s longitude. These terms take into account the 
motion of the ecliptic itself due to the attraction of the planets. 
The great circle with which the ecliptic coincided at the beginning 
of the year 1750 was taken by Laplace as the fundamental plane 
to which all subsequent and preceding positions of the ecliptic are 
to be referred. If // denote the longitude of the ascending node 
of the actual ecliptic at any subsequent date t, upon the fixed 
ecliptic reckoned from the equinox of 1750.0 and 7, the mean an- 
nual motion of the obliquity of the actual ecliptic to the fixed 
plane, we have according to the researches of physical astronomy 

a= LT? So’ 2 — 6" oi 
and z= 0” .4889t — 0’”.00000307 t? 


and for 1850 we shall find 


IT= 171° 36’.2 + 50.2 K 100 — 5”.21 XK 100 
172° S51’ 2 or 173° approximately 


and from the second of the above equations we see that the 
annual change in z is 0’”.4889—some authorities give 0”.48 and 
others only 0.46. 


Now referring the Sun’s place to the ecliptic and equinox of the 
beginning of the year and denoting the changes in Y and Z by 
4Y, and 4Z, due to this cause and we shall evidently have 


Y, = Reos @ and Z,= R sin 
and JY,=— Rsin @ dw (22) 
AZ. + Recos @ dw 

where dw may be regarded as the Sun’s latitude referred to ecliptic 
of beginning of the vear. 

Let NV be the ecliptic of any fixed epoch and SN the ecliptic of 
any subsequent epoch t: Now we know that NS has a uniform 
motion around the node Nand that VN = 173 


fo 


Draw SP perpendicular to NP, then we have 
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SP = dow, NS=A— 173°, and PNS 


0” 4889¢ 

t being expressed in vears or fractions of a year; then 

sin PS 
dw 


sin PNS sin NS 


that is 0’’ 4889¢ sin (A - 


1 
0” .4889¢t sin (A + 187 


substituting in (22) we find 


AY — Rt sin @ sin 1” sin (A + 187 0’ .48 39 
AZ Rt cos @ sin 1” sin (A LS7 O'.4889 
Computing the numerical value of the coefficients 
sin @ sin 1” 0”. .4889 and cos sin 1” 0’. 4.889 
we have 
s1") @ § SYVORTOGB cos 9 96255382 
sin 1” L.GS55749 n 1 1. 6855749 
0”. 4889 Y GSOBZOO Y HBXO2200 
O000009 43 3.9746705 ( } 1}. 3373481 
Theretore we have for the corrections due to the motion of the 
ecliptic and relerred to mean equinox of the beginning of the vear, 
ay 9.4tR sin ( 1874 
pA 21.7tR sin ( 1S7 


4X” is evidentiy not aflected by this motion 


We will close this paper with the following example 


Find the Sun's equatorial rectangular co6rdinates on 1895, 





Aug. 8.0 G. M. T., having given ) 135 
JN 367.11 (see page 278); J@ B" it 
and 7 .616. 
log R 0 OO58962 O.0058962 
cos A 9 §$543647n sina 9 8444932 
—— COSG Y 9625451 
log X 9.8602609n 
A\ 7248713 9 8129345 
0.6500316.3 
ox 19.3 1 285557 
k 0 OO58962 
fp 9.3802112 
0.67 16647 
$695 
} +. () 6500312 


log Y 
sec @ 


JXsini” 


9 8129341 
0.0374549 
6.2432024 JA 


log X 


COs @ 


9 S60 2609 
9 9625451 
sin 1” 6.2432024 


6.0935914 


1og 4X’ 
4X’ + 


6.0660084 


0.0001240 0.0001164,15 


e: £ 0’ 24. 


log R 0.0058962 


0 OOS58952 
9.844493 2 


sin 95999189 


9 4503083 
O PSVO3S84.4 
1.64823600 
0 OO5S3962 
9.3802112 


1.0344674 
10. 826 


2820395 


uA 


9. 8602609 


sin 9 5999189 
JA sin 1” 6 2432024 
5.70 33822 


0.00005051 
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log Z 94503099 log —Y¥ 9.8129341n 
dsin 1” 5.6185557 J@sin1” 5.6185557 
5.0688656 5 4314898n 
0.0000117,18 — 0.0000270 
log —9.4 0.97313n log 21.7 1.33646 
TR 9g T8602 TR 9 TR602 
sin(A+-187°) 9.78296n sin(A+187°) 9.78296n 
0.54211n 0.90544n 
3.48 — 8.04 
ay’ L 9,.0001285 Av 0.0000227 


The use of the Sun’s equatorial rectangular coédrdinates will be 

shown in a subsequent paper on the planetary ephemerides. 
[TO BE CONTINUED]. 
PROBLEMS. 
15. When the altitude of a star is equal to the latitude » of the 
place of observation show that 
2s # 
cos Ptan ~ tan (45 -— ) 


7 


— 


y 


sil : ys ny) 
and sin 5 A sec w sin (45 — ) 


where P is the hour angle, A the azimuth and 6 the declin- 
ation. 

16. Whendoesthe altitude of a celestial body vary most rapidly ? 

7. In latitude + 38° at the time of the equinox find the time oc- 
cupied by the Sun in rising or setting, supposing his semi- 
diameter 16’. 

18. Given the latitude of the place and the Sun’s semi-diameter, 
find the declination when the difference between the times 
of rising or setting of the upper and lower limbs is a mini- 
mum. 

19. Isit strictly true that the azimuth of a celestial body is not 
affected by parallax? And if not, why not? 

20. Ata given place, show that the velocity in azimuth at rising 
and setting is constant for all stars. 

21. If Edenote the maximum value of the equation of time due 
to the obliquity alone, prove the following relations 

cot A cos 0, cov A cos @, and 
sin E = — cos 2\, A being the Sun’s long. and 6 the Decl 
(This problem proposed by Mr. O. E. Harmon, Chehalis, Wash) 
ERRATA. 
In Prob..1, for cot - write cot? = 
In Prob. 13, for Ja = — tan dJ@ write Ja — tan 6 cos aJ@ 
M. 
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THE CONSTELLATIONS FOR OCTOBER. 


Directly overhead, at 8 o'clock, th 

















Ving in the Milkv Wavy with the head tow dt Lvenus The Swan 
foward the west from this one will see the firs des Vega, in Lyt 

t he brightest star now visible Two fainter s « 1 il I neit 
vith Vega | her to the west six s Ss r cs the large 
IX of Hercules. Lower d own is the curved ‘ ywnand very 
near the horizon the ruddy Arcturus in B 

Turning toward the south the most cons t s A in A t 
first magnitude, with tainter ones on either s ‘ vught line i he 
east edge of the Milky Way about halt S 3 
Sagitta, an arrow shaped group of tou int ! in the west side of the 
Milky Way is Ophiuchus, the Serpent-beare1 o ¢ stellation with 
no very conspicuous stars, but in w ‘ i s of 
the Serpent A little east and north « \ : ! : wed ore 
ot five stars, The Dolphin, sometimes - I \ down in the 
south Capricorn and Aquarius have no . | Yot A S 
will be easily recognized. Poward the sout t t s are of Pegasus 
cannot escape notice. The star in the N ( eis also at ‘ 
wad of Andromeda, whose hodv extends t« 1 ! ast, marked by two 
cross-rows of three unequal stars eacl it \ r lisces Lries nd 
Cetus are rather difficult to trace Pow ‘ Ss have ‘ nd 
thove them Perseus shows a number of brig S | Wa Amon 
them ts Algol the vari Low in the ( 1 1 ni 
tude star Capella. 

Looking toward the north one s« ! { sa M The G { 
Bear; above that Draco, half encirel x S I l tinally ¢ 
head the kK of Cepheus and the W of Cassiopet 

No planets are visible at this carly . ‘ 
tune has harelyv risen and the others are ( ‘ i 
mav be observed only after midnig 

Minima of the Variable Stars of the Algol Type 
[Give t« nearest 
1’ CEPHEI R CANIS MAJ \ GN Z HER S 
I I i ‘ , 
Nov 3 2 Ne 1 10 
) » ~ 
w ao) ») UM - 
i312 7 . 
is 11 . 
5: re 
23 1] 10 12 1 . 
l ) s 
oS 11 110 7 
is 11 te 
; 14 . 
ALGO! 9 14 ‘ i 
20° «17 be 
) 18 . 
Nov 3 13 26 1\ 0) ; 
6 10 aé 13 ‘ 99 - 
G - 28 16 ps . 
i 6 
() 18 S CANCRI ) = 
. \ ( 26 7 
»*> 1- 
ae and SOV 12 13 ” G 
an 11 ; en \ 1 7 v4 
9 8 URURUNS ’ : 
a vf , 
Nov. 18 9 - ~ 


a i ‘ 
U OPHIUCHI 1 15 G 
Nov. 11 18 No 1 7 16 l 19 6 
15 17 6 S 19 12 
19 15 12 5 22 12 
23 14 17 6 25 12 
27 13 21 6 Os 12 


NotTe.—I am indebted to P. S. Yendell for the abo ephemeris of Z Herculis, 
which is based on a period 7 — 10 sec. longet than that used by Hartwig 


f 














O4. Variable Stars. 


Maxima and Minima of Long Period Variables. 


1. Three observed maxima of 1113 U Anietis are available for the purpose of 





prediction. Taking the mean of four observers the interval between the first and 
second maxima is 380 days, between the second and third, 354 days. Adding 
the mean of these two periods, 367 days, to the time of the last observed maxi- 
mum, 1894, Nov. 2, gives 1895. Nov. 4 as the prediction for the next maximum. 
On the supposition that the period is alternately longer and shorter, and apply- 
ing the first interval, 380 days, brings the maximum Noy. 17. Chandler's ephem 


eris was published before the maximum of 1894 occurred 


2. The period used by Chandler for 7085 RT Cyeni seems too short. For 
the last four observed maxima the correction to the ephemeris has increased from 
—S8 davs to + 25 days, (mean of six observers) It therefore seems probable 


that the next maxima will occur about 1896, Jan. 14. 








MAXIMA. MAXIMA Con’ MINIMA Conv. 
1895 November 1895 December. 1895 November. 
Date Star ite. No Star Date. No Star 
Ye S Camelopar 11 2684 S Canis min 14 L566 U Pisctum 
3 i Ca min Lo V7tt V Tauri 17 404+ R Sculptoris 
3 R Capricorni. 138 2976 V Caneri 22 3418 R Carine. 
3 W ’ 18 7779 S Cephei 26: 6682 X Ophiuchi. 
5 U Puppis 13) 8230) S Aquarn. 27 S675) V Coronzx 
5 ft Ophiuchi 14 4596 U Virginis. 29 5338) U Boatis. 
s U Libra 15 5831) S Scorpii 30: 1582 S Tauri. 
13 W Leonis 1S 3637 S Carine 
14 V Monocero. Ik 7455) V Capricorni. 1895 December. 
Ra V Bootis 21 134 S$ Piscium. 
ne W Scorpii. ye S45 R Ceti 6 112 R Andromeda. 
24 Z Cven. 21 #1113 U Artetis.! 9 7560 R Vulpecuiz. 
ts S Ophiuchi 24 TOSS RT Cvegni. 10: 6913 T Sagitte. 
26 S Bootis. 27 7242 §$ Aquila [io 79 2 Persei. 
26 7909 S Piscis aus 30 6905 R Sagittari. 20: 7456 RR Cyegni. 
27 #2946 R Caner 30: 6923 Z i 20 T7577 X Capricorni 
30 5776 X Scorpii. 31 5037 RR Virginis. 21: 7659 T “ 
» 2OC “ > 1S 
1895 December. MINIMA. 09 ean 7 — 
S 806 U Ceti. 1895. November. 23 3825 R Urs Maj. 
3 5430 T Libre 24 4847 S Virginis. 
7 SS87 V Ophiuchi. 1 1771 R Leporis. 24 7129 RR Sagittaril. 
8 6062 RR Scorpii. 3: 5095 R Centauri. 28 5950 W Herculis. 
9 806 0 Ceti (Mira) 8 5190 RCamelopar. 29 2583 Ly» Puppis. 


A colon after the date indicates doubt. 

The authorities for the above are Hartwig’s ephemeris in the Vierteljahr- 
schrift for the Algol stars, and Chandler's ephemeris in the Astronomical Journal 
for the long period variables. J. A. PARKHURST. 

Marengo, Ill., 1895, Sept. 7. 


Ephemeris of Short-Period Variables for October. 
The following ephemeris of variable stars of short period is given in the hope 
of stimulating some effort toward their observation. 
The times of maximum and minimum are computed from the elements given 
in Chandler's Second Catalogue, with the exception of the cases of # Lyra, which 
is taken from the Companion to the *‘ Observatory.” 


It is intended to continue this ephemeris from month to month. 
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JO 
OCTOBER 
[Greenwich h in Ti 
2279 T Monocerotis 6636 U SAGITTARI 7437 X Cyen 
Max Min 
1.34 20.41 —_ 
OR 24 +6 | 1.64 1 
2 } A 
sme 11.36 8.38 1.35 
200% 5 GEMINORUM. 18.10 1 123 Be 5 10.94 
Max, in 94.85 1.88 27.3! 
6.51 1.49 159 8 62 
16.66 11.65 
296.82 PL 80 QT. I : 3 Cr VULPI ULA 
I1.96 
6368 X SAGITTAR!Y 414% M 
i t 
) 
\lax ' 
3 ay ) ’ 
10.20 1.43 GORA TT A 9 46 
a . ; 12 00) 
i7.a1 14.44 rea? 
24.33 LAS Gs 18.33 
31.34 28 46 : <2. 
12 ( ] ) 
. | 
6404 Y Opi 4 10 4 re 
I ) 51.6 
I I 64 
L. 4s ” 
21 61 15.36 
6472 W Sacrii ! ‘| \ 
\l \ 
7.30 | ) ' KO 
Ti RO ] <Tr) f ° . 
i+ 11 11 , ~( ‘ ) 
» 1 ‘ j gh: od a 
oot 19 +8 TQ “O7 r 146 
20.08 TS * mig ) 
~ a5 2 LO 19 98 
6573 Y SaGi RIT s( 20 
Max 7149 S Sac 10.72 
L.52 
10.2% I 
16.06 14.26 Ltd 6 43 
21.83 20 O4 ». 83 14.82 
2(.61 25.81 18.22 ».20 
4 +. 9h 60 S158 
Dorchester, Mass., 1895, Sept. 13 PAUL S. YENDELI 


COMET NOTES. 


Discovery of a New Comet, a 1895.—On the morning of August 21, 


Dr. Lewis Swift discovered a new comet in the constellatio 


n Pisces Its position 


was then: Right ascension 0" 27™ 40°; Declination north 5° 30’. The comet was 


observed and its position accurately d 


etermined on the next morning by Barnard 
at Lick Observatory, and others secured observations later At Goodsell Obset 
vatory the comet was first seen on the morning of the 24th. We found it easily 
by sweeping with the 5-inch finder attached to the 16-inch telescope. It was 
faint, round, and diffuse; about 5’ in diameter, with a very slight central conden 
sation. In the 16-inch telescope only the central part, perhaps 1’ in diameter 
could be seen. No nucleus was noticed at this time. On subsequent nights avery 
faint nucleus was discerned. Our impression was tl the comet was vrowing 
brighter up to Ang. 31 Since the Moon has passed out of the way again, how 
ever, we have seen the comet only on one occasion and then clouds coming up 
unexpectedly prevented our determining its positior It s exceedingly faint 


and on subsequent nights we failed to see it. 
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The best elements of the comet which are yet at hand are those of Dr. A. Ber- 
berich, which indicate that it is one of short period. These elements are quite 
uncertain and the period is likely to be somewhat greater, probably about 5 or 6 
years. 


Evuirric ELEMENTS OF SwiFt’s COMET. 





T 1895, 49946 Berlin M. T. 
Gd 171° 4 ) 
168 31 32 (1895.0 
i 2 37 27 7 
q 20 GO 9 
Ml 1100’7.81 
log a 0.338863 
Period 2 years 





How I Found the Comet.—The finding of Comet (a) 1895 was accom 
plished in the following singular and fortuitous manner: the last nebula dis 
covered at the Warner Observatory, Rochester, N. Y., just prior to the dismant 
ling of that institution, had never been catalogued or published, so, on the morn- 
ing of August 21st, the nebula being near the meridian, it occurred to me to look 
it up and secure, perhaps, a more accurate position, and test its brightness, if there 
were a difference, as seen there and here. Setting the 16-inch telescope to the 
place of the object I saw to my astonishment a beautiful comet instead of the ex- 
pected nebula. A single glance assured me of its cometary character which its 
‘motion atter a time confirmed. From its situation [inferred it to be a periodic, 
probably another of the Jupiter family of comets \ bright elliptical condensa 


tion was visible at the centre of the coma, and, at occasional intervals of good 


seeing, a minute starlike 


nucleus was seen which would appear and disappear 


like the star in the center of the planetary nebula. (General Catalogue, 4514). 


Its orbital elements have been computed by Protessors Hussev and Boss, but its 


periodic time has not been ascertained, both because of its unfavorable position 


and its slowness of motion, 

lis announcement was delayed for several hours because of the absence of my 
son, Edward D., the assistant astronomer, and the only telegrapher on the 
mountain, who had gone on his annual vacation. No telegram was possible 
until the cleetrie car could convey me to Altad 


3 A. M. 


ena, the nearest telegraph office, at 
LEWIS SWIFT. 
Lowe Observatory, Echo Mouptain, Cal 


September 9, 1895 


PRACTICAL SUGGESTIONS 


121. What effect, if any, does a change of temperature have upon the figures 
or relative form ot the two lenses that make up a telescope objective? Does the 
effect of cold cause the crown lens be ing less dense than the flint to contract more 
than the flint lens does under same temperature? If so does it destroy the achro- 


miatism of the combination? That it does is the assumption on which Mr. 
Gathmann bases his so-called invention of sectional lens objective. W. E. 8. 
Answer :—No appreciable effect can be seen in the achromatic objective from 


variations of temperature, where the changes are very s/ow, but if the changes 


are rapid, the "figure’’ of the objective alters so much as to make it useless for 








Practical Suggestions 97 


critical observations until the whole glass assimilates to the te mperature, when 


it will perform as well as in other temperatures 


Let us suppose that the temperature of our Ubservatory is 50°; we open the 
slit, and expose the objective to an outside temperature of 40 The outside sur 
face will suffer contraction, and the objective will become under corrected for 


spherical aberration. 

In the case of a small objective the entire glass will soon take up the outside 
temperature, and become normal in shape, but in the case of very large objectives 
the change is slower, according to the mass of material in the lenses. We find in 
testing large lenses, that the time it takes a glass to come to normal shape is di- 
rectly proportional to the mass. 

It is well for astronomers to know this fact, for while it does not afiect the 
chromatic aberration to a degree that is at all hurtful it does affect the spherical 


aberration, and a glass, although otherwise perfect for figure, when the tempera 





ture conditions are changing rapidly, will not do good wor 

Mr. Gathmann’s glass will be no exception to this rule. 

It is important in the final testing of an objective to have the conditions as 
nearly perfect as possible, and this is why the optician does his fine testing in an 
underground apartment, where he can make the conditions of te mperature as he 
wants them, even then he has to contend with the disturbing effects of his polish- 
ing. After a surface has been polished, say of 20-inch lens, the optician must 
wait several hours before he is certain that the molecular disturbance caused by 


the polishing of the surface has ceased to have any effect 


Were it possible to get rid of disturbances caused by differences of tempera 
ture, the optician’s task would be many times easier, and the ohserver would not 


blame the object-glass maker for bad images and wonder how, at times, the 


object-glass would give splendid images, at other times miserable ones. |. A.B 
122. How is light dispersed by a grating It done |} etlecting why should 

a reflecting telescope be perfectly achromatic Cc. D. H 
Inswer :—There is a great difference between a reflecting telescope mirror and 


a reflecting grating. 
The mirror of a reflecting telescope is polished to a true parabolic curve, so 


that it will reflect parallel rays to an accurate focal point or plane, and as all the 


waves oft light are reflected equally—/. e. at the same angle there is no separa 
tion of the long or short waves, it is evident that the image formed by such a mit 
ror must be truly achromatic. 

But a reflecting grating ts a totally different affair The mirror tor a reflect 
ing grating is made either plane or concave and as a mirror, we get no more color 
effects from it than we do from the mirror of the reflecting telescope. 

It is not until its surface is grooved with from savy 500 to 20,000 lines to the 
inch with a diamond point by the aid of marvelously accurate mechanism that 
white light is broken up into its component colors by the interference of its differ 
ent waves,so that the chromatic effects of the reflecting grating are due primarily 


to the grooving of the polished surface, and not so polis] 


Las 
123. How to elean the diffraction grating. 


In the December, '94, No. of PopuLar AstTRONOMY I wave an item in answer t« 


an inquiry regarding the cleaning of diffraction gratings 
As it had been suggested to Professor Hale by a German physicist, I tried it 
several times with most perfect success. Since that time I have had several fail 


ures—indeed upon one occasion a large grating was almost uned by a brown 
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ish patina forming upon the surface that could not all be removed by any subse- 
quent treatment. 

Professor Hale hadthe same mistortune with a5-inch grating belonging to the 
Kenwood Observatory. I have made several trials upon plates, spoiled in the 
ruling, and find there is no certainty about the method. It may be in the ammo- 
nia, or it may be in slight differences in the metal,at any rate I send this note ask- 
ing those who have gratings, not to use the method until further experiments are 
made to find out it possible the reason why some gratings will clean beautifully 
and others are made worse by the method. 

Professor Adeney, of the University of Dublin, writes me he has good success 
using a method suggested by Protessor Hartley, of the College of Science. A mix- 
ture of ether and absolute alchohol is applied to a soft clean chamois and the 
grating carefully wiped in the direction of the lines. 

I am inclined to agree with Protessor Lieving in letting the surfaces severely 
alone, save to brush off accumulated dust with a tuft of cotton or camel’s hair 
brush. 

Professor Lieving does not believe the inevitable bloom which forms on a 


plate, after years of use, practically affects the grating. J. A. BRASHHEAR. 


124. I have seen the statement in a treatise on astronomy that the motions 
of the satellites of Jupiter, numbered one and two, when in position of new 
Moon are retrograde. I can not understand what force will stop the direct 
motion of the moons and produce the opposite. J, DB. 

The direct motion is not stopped. These satellites always go around 
their orbits in a direction opposite to that of the hands of a watch, but to an ob- 
server on the Sun or Earth this motion carries them from left to right when they 
are in the position corresponding to new moon and from right to lett when they 
ure in the opposite part of their orbits. Aside trom this motion about Jupiter the 
satellites are carried along with the planet in his motion about the Sun and their 
actual motion is found by taking into account both of these motions, their sum 


in the latter case, since both motions are then in the same direction, their differ 
ence in the former (New Moon) case 

If there were a satellite at a distance of 461,000 miles from Jupiter its 
velocity of revolution about the planet would just equal the velocity of revolu- 
tion of Jupiter about the Sun and when it was between Jupiter and the Sun the 
two components of its motion would balance each other so that like the bottom 
point of a wagon wheel it would go neither forward nor back, so long as it re 
mained the bottom point. The first and second satellites of Jupiter are less than 
461,000 miles from the planet «and their motions of revolution about the planet 
are therefore greater than that of the fictitious satellite we have above supposed, 
while the motions of revolution of the third and fourth satellites are less since 
they are more than 461,000 miles distant from their primary. In the case of the 
two inner satellites the motion of revolution is more than sufficient to balance 
the forward movement of the satellites with Jupiter in his orbit and a retrograde 
movement is the result. In the case of the outer satellites, and also in the case of 
our own Moon, the motion along the orbit of the planet more than balances the 
motion of the satellite about the planet and the resulting movement of the satel- 
lite is never retrograde. 

The limit at which the two motions of the satellite just balance each other is 
found by multiplying the mass of the planet by its mean distance from the Sun. 

G.c. Cc. 


125. Can some one suggest some cheap torm of driving clock for a 3-inch 
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juatorial, which has slow and quick motion in R. A bl.-inch hour circle 
Some method other than the sand clock preferred 7 
126. When, before this year, were there eclipses of th Moot 
isible in this country during the same yeat p.s 
Answer: By this country, we suppose tl uerist ns the United States 
\ pair of total eclipses similar to those of this occurred in 1855 on May 1 
nd October 24 and also in 1862, June 11 and December 5 
GENERAL NOTES. 
This number of our publication is sent only to those subscribers who have re- 


newed or ordered a continuance of Volume III. Our friends will please under- 
stand that it is not our wish to cut off subscribers because they are not very 
prompt in renewals, but rather it is our desire not to send a single copy to any 
one who does not want it. For this reason we have taken the time and incurred 
the expense to write to every subscriber promptly after expiration of subscription 
that we might obtain this information. The response has been very general, very 
prompt and very encouraging. 


We have also written very many letters asking subscribers, if,in their opinion, 


we were meeting the real wants of those for whom this publication is intended, 


viz :—amateurs, students of astronomy, teachers and p lar readers. Replies to 
this query have been quite different, although uniformly kind and full of interest 
ing suggestion. The amateurs and students of astronomy, more or less advanced, 
have commended our past plans of study and work, but the teachers and the pop 
ular readers have often suggested that our matter the last volume was much 


too technical to be of much service to them 





We believe that this criticism is just, and we | ( ed in this number to mod 
ity our plan somewhat so as to offer a reliet this ectiol It is not gen lly 
because the themes treated are in their nat evon 1 on comprehension, 
but rather because of the manner of their treatment Any astronomer who un- 
lerstands any theme in the whole range of the sci n make t t theme in its 
essentials perfectly plain if he will take the time ! to dos 

We have left out most of our tables, to gi ni 1 uular matter, 

matter of a more general nature Our t ( s WI el er that our last 
issue contained planet notes and tables for Octobe I} that this matter will be 
ontinued in another torm for November in the 1 C1 We think our new 
plan of illustration in connection with this matter wv e pleasing and more 
serviceable generally We hoy to receive suggest s O inv one in regard to 
changes. 

From what has been said, we hope it will not be inferred that the matter to 
x presented in this publication, in the future, will be less important or useful in 
character than it has been in the past. Such a view is 1 farthest from that en 
tertained by those in charge of its managemet On the ntrary it is their desire 


o enhance its real and general value in all possible ways within their reach, and 
to this end the aid of all interested is most earnestly and cordially solicited. In 
this number we have added eight pages to p amateurs in the harder study of 


} 


the Solar Ephemeris. 
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We publish in this number an interesting account of the great services of Ben- 
jamin Peirce to American Science. No one of our astronomers or mathematicians 
has done more for his country's development and reputation than Peirce, nor is 
any more worthy to be held in everlasting remembrance by a grateful people. It 
is almost impossible for an American to read Dr. See's eloquent tribute to this 
great and good man, without feeling that while Peirce’s labors have always been 
known and appreciated by scholars, his name is not so well known to the public 
as it ought to be. The name of Peirceought to be a familiar word in every school 
of the country. The influence of such an ideal is all the more elevating because in 
Peirce nature combined the most exalted personal character with the highest 
scientific genius and thus produced one of her noblest developments. The wide- 
spread danger of retrogradation in scientific ideals incident to an age of degen- 
eracy renders it all the more necessary for those who are devoted to the sacred 
cause of science to hold aloft the achievements of illustrious men in order that 
their merits and virtues may be adequately commemorated. 


What Prominent Astronomers aré Doing.—Dr. T. J. J. See, of the 
University of Chicago, has been occupied for some time with a revision of all the 
double-star orbits which are capable of satisfactory determination at this time. 
He hopes to find forty fairly good orbits, which will serve as a foundation for his 
researches on the formation of stellar systems. These researches in Cosmogony 
are of vast importance, and the results will be anxiously awaited by astronomers. 
In the meantime Dr. See is going over the orbits in detail so as to ensure satis- 
factory elements, and in order that every orbit may be represented in exact ac 
cordance with the facts as known at this epoch. During the latter part of Sep- 
tember, Dr. See spent several days at Washburn Observatory at Madison, 
Wisconsin, in the use of the large telescope of that Observatory for the purpose of 
measuring some double-stars and for other work pertaining to other studies now 
under prosecution, 


Professor Simon Newcomb, Superintendent of American Ephemeris and 
Nautical Almanac, Washington, D. C., is now engaged in completing and passing 
through the press the new tables of the four inner planets, on which he has been 
at work for many years. 


Prof. E. E. Barnard of Lick Observatory has recently beeti measuring the 
diameters of the planets, at work on double stars, and photographing the Milky 
Way. He has measured the diameters of Mercury, Venus, Mars, Saturn, Jupiter, 
Uranus, Neptune, Ceres, Pallas, Juno, Vesta and the four bright satellites of Jupi- 
ter. He has also done considerable miscellaneous work such as measuring the po- 


sitions of comets, nebulz and the like, which need not here be named. 


Professor George E. Hale, director of the Yerkes Observatory, Lake 
Geneva, Wis., is at work in a temporary Observatory at Lake Geneva endeavor- 
ing to map the corona without an eclipse. The method employed is that des- 
cribed in his paper in a recent number of the Astrophysical Journal. Briefly, a 
pair of bolometers is used in an attempt to measure the heat radiation from the 
different parts of the corona. He has been much delayed in various ways so that 
this interesting method has not vet been really tested. Professor Hale entertains 
strong hope of ultimate success. 
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Professor Ormond Stone, director « t Ls McCormick Obser 
tory, University of Virginia, has been of late 1 e especially interested in the 
tellites of Saturn of which Mr. Lovett and hims« made a large numbei 
neasures during the two vears Phese me es are published in install 
ents in the Astronomical Journal of Cam\l i Mass., two of which have 
already appeared and others will follow at bri e1 These observations 
vill be discussed during the year Just now P ssorS eis printing a mono 
raph on the nebula of Orion. Gordon E. Buc te of the University of 
eima, and S. J. Barnett, a graduate the | sity of Denver, are with him 
this veat Mr. E. O. Lovett took tl devree « 1) ‘ Philosophy trom the 
niversity last Tune His dissertation was on the G t Inequality »f Jupiter 
ind Saturn and was published in the Astre He is now studying 
Leipzig. 

Professor C. A Young, of Princeton, N. | s ently revised his 
‘Lessons in Astronomy” and the coy vas i ibn the 
rst of September Heis now engag in 1 Woks. | 
. Elements of Astronomy in ( \ i ( { ‘ 

nplete t re sion o us earl ~ Ss SOO t { 
= possible 

Professor H A. Howe ( e 

sic | Univers ) ‘ 

HT s com mit t 

Professor D. P. Todd \ st 4 ui ( 

e duties, is engaged at present i Know lec Seri 

shed bv Roberts Brothers of | ) . ( ‘ \ relate 
to astronomical subjects Phe vy fume 1 t . ! ress is entitled 
Stars and Telescopes, a hand hool f Astronor the last edition of 
Lyun's ex lent Celestial Motions »>\ 4 copious additions 
Protessor Todd las also well in hand the necess ngements for an expedi 
tion to observe the total eclipse wt 29, 1TS96 Che instruments are already 
varthly designed and it is hoped to begin worl t reonstruction within a few 

IVS. 

Phe tunds tor the new Obsers " t An t Ta! promised and pre 
liminary plans are drawn, but th evInnit rf struction will probabl le 


leterred until next vear. 


Professor Asaph Hall, Jr., Director of 1 Detroit Observatory, Uni 
uersitvy of Michigan, Ann Arbor, is now at wor m lists of latitude stars with 
the Meridian Circle hese stars are to be used at Georgetown College and Sault 
Ste. Marie. With the same instrument he is als st ne Polaris for latitude 


above and below the pole, direct and reflected 
The Total Eclipse of the Moon, Sept. 3, 1895.—At Northfield the s] 


though cloudless was quite thick with haze at tl eginning of the eclipse, but 





the haze cleared away toward the mid 


seemed perfectly cleat The eclipse was observed | Protessors Payne and Wilson 





seins tance 
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with the 4-inch and 16-inch telescopes. The penumbral shading was noticeable to 
the naked eye at 9:45 Central time and grew gradually darker until the dark 
shadow appeared at just about the predicted time. The time recorded was 10 
0."5, which was certainly a little late. The shadow was at first very dark; to 
the naked eve it was almost black; in the 16-inch telescope it appeared of a dark 
grey color, turning to a lighter grey as it progressed across the dise of the Moon 
None of the features of the Moon's surtace were visible in the shadow until 10 
10", when the crater Aristarchus was dimly seen. Soon atter this many ot the 
brighter surface markings became visible in the shadow with the 16-inch, while 
wholly invisible with the 5-inch finder. 


The first copper tinge to the shadow was noticed at 10" 7™, and as the Moot 





penetrated farther into the shadow, the portion most deeply immersed grew 
gradually brighter until after the beginning of totality w h was noted at 
11°6".5. Later it appeared to enter a darker part in the center of the shadow. 
At the middle of totality the east and west limbs of the Moon were both decid 
edly brighter than the central portion which was of a dusky copper hue. At 11 

50™ the east and west limbs were equally bright, but at 12" 0™ the eastern limb 
was the brighter. At 12" 46™.5 the eastern limb was so bright that it seemed al- 
most fully illuminated and at 12" 47™ the end of totality was noted. The edge 


of the shadow was then quite a light grey and almost all the features of the 
Moon's surface could be seen through it. 

As the shadow passed off the phenomena were the same, in the reverse order, 
as those noted on its approach, except that the shadow was by no means so 
dark. In the 16-inch telescope the main features of the surface covered by the 
shadow were not lost at any time. The ruddy color extended to within 2’ or 3’ 
of the edge of the shadow. It was lost to sight at 1° 50™ a. M., four minutes be- 
fore the shadow passed off. The penumbral shading was quite noticeable, cover- 
ing the whole bright part of the Moon at 1" 28" and extending to the center « 


the dise at 1" 54", the end of the eclipse. ot We 


The Total Lunar Eclipse of 1895, Sept. 3.—The night proved very 
satislactory for observing and photographing the total eclipse of the Moon Sept 


3. My observations were confined to the naked eve, and the 215-inch guiding tel- 
escope of the Willard lens 
The contacts were observed with the usual uncertaints Possibly, however 


this uncertainty was somewhat diminished by the smallness of the telescope. 


The tollowing times are 8" 0™ slow of Greenwich. Thev are Pacific Standard 
Time 

First contact with the shadow at 8" 0™ 40 At S'1™ 40° the limb was faint 
and scarcely visible. Contact of shadow with Aristarchus 8° 6™ 20°, 8°15 
There is no color vet, the shadow is a cold gray The limb is easy to see 8" 18! 
O—Cape Laplace touched hy shadow 8) 18™ 95*—Contact with Pvythias. 8 
20™ S*—Center of Copernicus. At about 8" 1S™ a slight warmth appeared at 
limb. S® 24™ 35*—Center of Plato. 8" 30 Warm reddish color along the limb 
but not symmetrical, it extends northerly from the center of shadow. 8" 32™ 30 
—Contact with cast edge of Mare Serenitatis. S" 34 $o-—Contact center ot 
Manilius. 8" 37"—The reddish color extends for an are of some 30° or 40 It is 
north of the central part of obscured limb. 8? 39™ 20°—Tycho cut centrally by 


shadow. 8° 43"—To the naked eye the north east part of the disc decidedly of a 
warm color. The entire dise is visible. Sky clear and rapidly darkening. In 


the telescope the northeast portion bright warm color. The southeast part is 
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dull and dark with scarcely any trace of colo W here S 
to a small region near and at the northeast limb. 8" 40 
eclipsed dise of a warm color but the brightest 
region near northeast limb. To tl ked ¢ ; 
dish color. The southeast part is d r } 

lor 82°53 In the telescope ull the ( eas 
glow The southeast is warmish S 

yt yout 7 e advancing shacks = 14 

ve ll tne nort! rts fine red rl Ss 

e darker regio of the Moon see \ . 

decided d good All the northert 

With eve he ta | ilf is rede é 

clearly seen 9 0) ro the naked « ‘ c 

tle west near the north*west limb \t eas n 

the naked eve the dise is all more o less ) 
pected 10 LS End of totalit ¢ ( 
eclipsed Moon is uniformly pale reddish col 

with the naked eve 11 s" To the naked eve 

pale red except where the maria are 11 11 2 














shadow. 11° 12™ O*—Contact with west edge ( 
rt eclipse, leaves shadow Tomy n his was 
dark compared with that of June 11, 1881, possil 
July, which was observed here under nez e s ¢ 
yne 

During totality the sky was the 
ifno Moon was present. It seemed to | ( eff 
ind the milkv way. 

I telt almost positive that I could see the 
eclipsed moon, 

\ number of phot phs were mack ) 
with the Willard lens. Those during totali ‘ 
tails showing be: t lv and the Moor 
tullvy attended to. Indeed I never saw 
tifully lobular as do these pictures 
is Shown by the untlormity of the s I 

tota vas O With t Ss evel 
stands o ike ) 1 1] Tlie < S 

Mt. H ( 1895.58 


The Lunar Eclipse at Lowe Observatory 
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On the Moon's upper limb was a pale blue segment, straight and sharply defined, 
comprised between its are and chord. I estimated the versed sine in length to be 
equal to about one-fiftieth of the Moon's diameter. To this feature my attention 
was first directed by Professor Lowe who saw it with a field-glass, in which in 
strument I find many others observed it, also. Through the finder of the great 
telescope it was visible, also, though less conspicuous it 


the great glass, and 
easy to escape detection were its place and appearance not previously known: 

To account for this appearance Professor Lowe advanced the theory that it was 
sunlight refracted by the Earth’s atmosphere at the surface of the Pacific Ocean, 
but the hypothesis seems untenable, as it fails to account for the size and shape of 
the blue portion, as well as the sharpness of the chord. 

Lam anxious to learn if this phenomenon was witnessed elsewhere. 


LEWIS SWIFT. 
Lowe Observatory, Echo Mountain, Cal. 


Sept. 9, 1895. 


The Total Eclipse at Alta, lowa.—The total Junar eclipse was well ob- 


served here on the night of Sept. 3rd and 4th. The sky was beautifully clear 


, the 
atmosph 


e steady and the seeing almost perfect 
I used my 3 inch telescope, magnifving power 64 


My attention was given chiefly to recording the various shades of color on the 


Moon during its progress through the Earth's shadow Phis was done at inter- 
vals of about ten minutes, both with the naked eve and through the telescope. 
The tollowing are a part of my notes, the times noted are Central Standard 
9° 55"—Light orange shading appearing at N. bh. edge 10" OO Shyht in- 
dentation just visible to the naked eve 16°10 Phe seyment of the Moon now 
in the shadow is quite invisible to the naked eve, but plainly seen with telescope, 
covered with a greenish-black shad 10" 7 Shadow touching cdeve of Co- 
pernicus. 10° 1814"—Shadow bisecting Copernicus. 10" 20 Shadow entirely 
covering Copernicus. 10° 30™—Shadow near E. limb is now quite dark green 
and shades off to a lighter green color near edge of shadow. 10° 35"—To the 


naked eye the shadow is now a light brown-red, but through the telescope it ap- 
pears of asmoky green color, 10" 45™—The northern half is a dusky copper hue 
and the southern portion a lighter shade of greenish-black. 11" 00™—Southern 
portion is now bluish green. 11° 03"—Sout"ern portion is pretty pale blue color. 


115 0O5™—Last line of sunlight now ; 


t edge. 11° O06"—Last trace of sunlight 
disappears. 11" 25" The lunar dise is now a bright copper color except in ex- 
treme S. portion, which ts a slate color, to the naked eve it appears dusky copper. 
11°50"—Now nearly middle of totality, it is a uniform light orangecolor through 
telescope. 12" 10™—Bright segment of light orange along E. edge, visible to 
naked eve. 12" 20™—The bright portion E. is much longer and brighter. 12" 30™ 
—The W. portion is becoming a dusky red color, 12° 40™—E,. side growing 
brighter yellow. 12" 45"—Tinge of sunlight just visible. 12° 48™—True sunlight 
appears. 12" 50™—The shadow is now a decided coppery hue, observations 
ceased. DAVID E. HADDEN. 
Alta, Iowa, Sept. 4th, 1895. 


Solutions of problems in the May number have been received from the tollow- 
ing: 

Mr. Thomas Lindsay, of Toronto, solved numbers 2,3 4.5 

Mr. Orrin E. Harmon, of Chehalis, Wash., solved numbers 1, 2, 3, 4, 5 
and 7. 

Mr. S. A. Saunder, of Crowthorne, Berks, England, solved numbers 1, 2, 3, + 
5,6 and 7. 5. 

Note to problem 1. A clerical error was committed—the second term of the 
second number should be plus 





